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e t Pharmacologica (Denmark), Psychopharmacology (Berl in) , 
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for Ph.D. was "Effects of Eaq>erimental Thallium Poisoning on 
the Rat Brain- A Feurohistological , Histochemical, Electron 
Microscopic and Quantitative Biochemical Study" which does 
not form part of h is present thes i s and papers based on t h i s 
work were published in Brain Research B u l l e t i n , Forensic 
Medicine, and Current Science. I am convinced that the 
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l i t t l e known pathophysiology of heavy metal intoxicat ion, 
ageing, environmental po l lut ion and physical s t r e s s . Dr. Hasan 
has been permitted to submit th i s work for the D.So. degree 
i n Medicine of the Aligarh Muslim University. Besides the 
work Included i n th i s t h e s i s . Dr. Hasan has eoms hundred 
more papers and oommanioations to his credit on different 
topics in Anatomy, Bxperimental Pathology and Toxicology. 
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Neiironal Aging and Diseases*, Thieme Verlag Stuttgart, 
W. Germany, "Diagnostic Histology", Anita Prakashan, Luoknoir, 
and "Morphologische und physiologisohe Orunalagen dee 
zentralen "visgetativen Nervensysterns"* Chistav Fisher Verlag, 
Stut tgart , Germany. 
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NeurotoxK Agents as Tools for Probing Problems o( Gerontology 
Interdisciplinary neurobiological studies have indicated that sensory 
learning motor processes and biological drives can be related to the strut tural 
and functional organization of the rtervous and neuroendocrine systems As 
integrated adaptive control systems the brain and neuroendcxirines have been 
c losely asscK laled with the homeosiatic adaptation to environmental (hal 
lenges throughout the life span The exceedingly complex spatial relationships 
of neurons neuroglia and blcxxl vessels in the brain merit detailed ultrastru< 
lural analysis to fully appreciate functional effects The reactions of the nervrxjs 
system to exogeneous toxins are known to recapitulate many of the events ot 
normal development and aging in the human nervous system Morphologii 
effects of toxic substances on the nervous system can thus reveal striking 
insights into the pathogenesis of many ill understcxxf diseases The consequ 
I nccs of aging in the brain represent even more of a puzzle partly becausi 
physiologK al aging appears to be a very slow and subtle process Neuroloxii 
agents (ou ld thus be used as an experimental means to accelerate biological 
aging thereby allowing belter insight into its genesis 
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INTRODUCTION 
Life i s l a rge ly a process of adaptat ion to the circumstances 
i n which we e x i s t . The s e c r e t of heal th and happiness l i e s i n 
successful adjustment to the ever-changing condi t ions on t h i s 
g lobe . In order to survive , a l l organisms must adapt i n t e r n a l l y 
and/or ex t e rna l ly to meet t he challenge of the ever-changing 
environment. S t ress i s sa id t o be propor t ional to the ' r a t e of 
change i n environment' and ' r a t e of change i n a d a p t a t i o n ' . 
Advancing age has been assoc ia ted with a dec l ine i n the a b i l i t y 
of an organism to respond opt imal ly to i n t e r n a l or ex terna l 
challenges (Sun e t a l . , 1975). The nervous and endocrine systems 
coordinate and in tegra te the opera t ion of t he other organs of 
the body t o b r i n g about t h e i r homeostatic adjustments. F u r t h e r -
more, the pos tmi to t i c c e l l s of the nervous system (neurones) 
exh ib i t i nc reas ing in t raoytoplasmic accumulation of wear and 
t e a r pigment ' l i po fusc in ' ( a l s o known as 'age p igment ' ) , which 
has been co r r e l a t ed with the ageing of mammals (Hasan and (Jlees, 
1972). 
On the other hand, mankind i s inc reas ing ly exposed to over-
crowding, noise and an atmosphere pol lu ted by smoke and exhaust 
fumes i n towns and c i t i e s , to chemical and phys ica l hazards a t 
work, to food t h a t may conta in res idues of i n s e c t i c i d e s , fungic ides , 
meta ls , hormones, a n t i b i o t i c s and a host of other undesirable 
ohemioalB and to polluted water in many rivers, lakes and even 
in the sea* Pollution of the environment, once considered a 
minor and necessary evil, is now increasingly recognized as a 
major threat to social and economic development and even to man's 
survival. The animal hody, understandably, reacts to deleterious 
forces of * environmental pollution* and manifests all the stages 
characterized by 'General Adaptation Syndrome' following stress, 
• namely, alarm reaction, stage of resistance and stage of 
exhaustion. It seems probable that, at least, some of the so-
called "dises^es of unknown etiology" might be due to Idie derail-
ment of adaptive mechanisms of the body. As interrelated adaptive 
control system the brain plays a unique role in adaptation to 
environment. Although ageing may be generalized throughout the 
mammalian body, increasing attention has been directed towards 
the brain and endoorines as major control or integrative systems, 
since age-dependent changes in these two main control systems 
might he expected to have significant and widespread consequences 
throughout the entire organism. It has been widely accepted that 
stress-induced activation of the limbic system, hypothalamic-
pituitary-adrenal axis in mammals invariably involves biochemical 
and ultrastruetural changes in these regions. 
It is well-documented that different organs of the body 
age at different rates. The "biological clock" of ageing is thus 
organ specific. The hypothalamus plays a commanding role in the 
regulation of homeostasis. Glees (1971) has drawn attention to 
the probabili ty that th« "hiologioal clock" for ag«lng of th« 
body nay be located In the hypothalamae. Thie hypothesis has 
been supported by Everitt (1972). Moreover, i t i s to be remem-
bered that the hypothalamus regulates many fuhotions essent ia l 
for l i f e such as food intake, body temperature, water balance, 
blood pressure and heart r a t e . Our u l t ras t ruotura l observations 
support the concept that ageing of individual hypothalamic areas 
occurs in different ways and at different r a t e s . The morphology 
of ageing in the anterior hypothalamus differs s ignif ioant ly 
with that of the mamillary nuclei of the posterior hypothalamus 
(Hasan and Glees, 1974). Th±a lack of uniformity in hypothalamic 
ageing would thus produce disregulation of hypothalamic function 
and th is disregulation co\ild produce some or most of the age-
re la ted pathology seen in man. Furthermore, the environmental 
factors which influence ageing process appear to act t h r o u ^ 
the hypothalamus and anterior p i tu i t a ry (Ever i t t , 1972). 
There i s some indication tha t the s i t e s of termination 
of mossy fibres- correspond with the region where zinc has been 
located in the hippocampus. In the region where mossy fibres 
terminate synapses with high electron density are commonly found 
(Hasan and Glees, 1973). The looaliisation of sine in the hippocampal 
formation has been accomplished by Hang (1967) by the application of 
J.0 
Timms method for zinc at the ultrastructural level, G?he 
presence of zinc was demonstrated not only in regular mosey-
fihre endinge, but in electron-dense endings as well. Thus the 
natural presence of zinc confers a greater contrast of the 
hippooampal nerve endings for electron microscopy (Hasan and 
Glees, 1973). In the light of the ahove findings, Hasan and 
Glees (1973) consider the increase in electron density of 
terminals, observed with increase in age, to be significant. 
Could it be due to an alteration of hippocampal zinc content 
with age. Quantitative estimation of zinc was needed and in 
order to fill in this gap in knowledge, Hasan (1976) undertook » 
"Ejtperimental zinc intoxication - atomic absorption spectrophoto-
metric, quantitative biochemical and histochemical investigation 
of different regions of the rat brain. Determination of concen-
trations of ions by atomic absorption spectrophotometry has 
proved to be very sensitive and accurate method of multiple 
estimation of ions in small samples of brain tissue (Smeyers et 
al., 1973). Zinc binds to a number of proteins reacting with 
•thiols' and then with imidazole group (Chivapil et al., 1972). 
Zinc occurs in hi^er concentration in medulla oblongata than 
in hippocampus when exogenously administered. Although copper 
level falls in hippocampus following zinc administration, in 
conformity with the known inverse relationship between copper 
and zinc (Whanger and Westwig, 1970), interestingly the level of 
the former increases significantly in the cerebellum. Thus the 
zinc-copper antagonism does not seem to te universal In the 
different regions of the rat "brain. Zinc is an integral part 
of many metallo-enzymes, namely,-carbonic anhydrase, alkaline 
phosphatase, lactic dehydrogenase and alcohol dehydrogenase. 
For the histochemioal demonstration of zinc in the brain 
sections the dithizone method, which is commonly used, is not 
particularly specific. Hasan (1977) reported an original method 
for demonstrating Bine content of the brain using 2->carboxy-2'-
hydro3cy»5*-Bulfoforma2yl benzene perfUsion-staining. The staining 
solution, which is deep red, forms a blue complex with zinc ions, 
especially in alkaline solutions (pH 9*10). This method has been 
found to be highly sensitive to as low a concentration as 20 yug 
of zino/g brain tissue (Hasan, 1977). 
Predominantly neurologic signs and symptoms are known to 
be caused by another heavy metal, thallium, which was chosen 
for the Ph.D. work (Hasan, 1976). Although ultrastructural 
alterations in the neuronal perikar3ra, oligodendrocytes and 
capillaries following thallium intoxication comprised major part 
of the afore-mentioned Ph.D. thesis and was later published 
(Hasan et al., 1977a, 1977b, 1977c) and Hasan et al (1978a) the 
quantitative biochemical findings were to be supplemented and 
strengthened. Consequently, levels of dopamine, norepinephrine 
and 5-hydroxytryptamine in different regions of the rat brain 
in thallium toxicosis were looked into (Hasan et al., 1978 b ) . 
Furthermore, Imbalac© In the level of neiirotransiaitters was 
considered a possibility in view of the significant increase 
in the firing rate of 79 per eeat of caudate neurones after 
thallium toxicosis (Hasan et al., 1977 d) • The levels of 
dopajnine were significantly depleted in the hypothalamus» limhio 
areas and corpus striatum* Noradrenaline level was unaffected, 
but 5-hydroxy1;ryptainine concentration was significantly lowered 
in the corpus striatum, cerebellum and ihe brain-stem after 
7 day«s daily administration of thallous acetate (5 mg/kg, i.p.) 
to rats* Another interesting finding of the ultrastructural 
investigations of thallium poisoning reported previously (Hasan, 
1976 and Hasan et al,, 1977a and 1978a) was the increased inci-
dence of electron dense bodies in the neuronal perikarya. fhis 
was correlated with an increase in the rate of lipid peroxidation 
following thallium intoxication (Hasan and Ali, 1981). Thallium 
is known to combine with sulfhydryl groups resulting ultimately 
in a deficiency of glutathione (Gross et al., 1948). This is 
known to cause deficient degradation of lipid peroxides to 
hydroxy acids leading to the accumulation of the former in 
various brain regions (Tappel, 1970). The similarity of the 
peroxidation products to lipofuscin has been verified on the 
basis that it gives fluorescent products which have characteristic 
fluorescence spectra with a maximum at 470 nm when excited at 
365 nm, similar to those of lipofuscin pigment (Ohio et al., 
1969). The increased incidence of electron dense bodies observed 
in cases of thalliTim toxicosis correlates well with the signifi-
cant increment of lipid peroxidation (Hasan and Ali, 1981), 
Also, cobalt chloride and salts of other divalent metals 
(Including nickel) are known to alter tissue levels of reduced 
glutathione (Sesame and Boyd, 1978). Since the association of 
glutathione with lipid peroxidation is well recognized (Tappel, 
1970) the rate of lipid peroxidation following cobalt and nickel 
administration was determined. One of the most interesting 
observations was the regional heterogeneity of the percentage 
increase in the rate of lipid peroxidation in the inarious regions 
of the brain caused by different metal ions whereas thallitim 
caused maximum increase in the cerebellum, cobalt and nickel 
produced remarkable increment in the brain stem. On the other 
hand, cobalt did not significantly alter the rate of lipid 
peroxidation in the cerebrum but nickel did cause a 34 per cent 
increase in this region as well. A certain selectivity of cells, 
terminals and enzymes to the toxic effects of cobalt j^ n vivo has 
also been reported by Clayton and Emson (1976). Althou^ both 
cobalt and nickel belong to the same group, this variance in 
their effect on the cerebrum may be due to the rapid axonal 
transport of cobalt (Clayton and Emson, 1976) from the cerebrum 
to the raultineuronal pathways in the brain stem. Nickel also 
caused significant depletion of dopamine, noradrenaline and 
serotonin in the cerebral cortex and basal ganglia of the rat 
(Ali and Hasan et al., 198O). 
n o 
Trlmethyltin toxLoosie 
Multifocal accumulation of Oolgi-associated endoplasmic 
reticulum (GERL) followed by massive accumulation of cytoplasmic 
dense bodies in trimethyl tin treated rat brain, resembling 
lipofuscin granules (Glees and Hasan, 1976), has recently been 
reported by Bouldin et al.(198t) . Remarkable depletion of total 
lipid contents of the various brain regions following QMT intoxi-
cation was found to be in concordance with the increment in the 
rate of lipid peroxidation (Hasan et al,, 1982). Furthermore, 
increment in OERL-like profiles, coated vesicles and lipofuscin 
granules (Hasan, 1983) strengthens the conclusion that perturba-
tion of brain lipids occurs in trimethyl tin toxicosis. 
"Organophosphate pesticide dichlorvos" 
Commonly used organophosphate pesticide diohlorvos is also 
known to cause neurologic lesions. Following diohlorvos intoxi-
cation (0.6 mg, 1.5 mg, and 3.0 mg/kg body weight i.p. daily for 
10 days), dose-dependent increase in the rate of lipid peroxida-
tion was observed in the cerebrum, cerebelltua and brain-stem of 
albino rats. This was congruent with the remarkable increment 
in electron dense pigment granules - lipofuscin (Hasan and Ali, 
1980). 
Also, Intarestlng concordance of open field behavioral 
ehaxiges Kith the levels of dopamine, norepinephrine, and 
serotonin in the various regions of the rat brain following 
dichlorvos administration (3 mg/kg i.p. daily for 10 days) was 
detected (Ali, Chandra and Hasan, 1980). On day 7, ambulation 
was reduced to 24 per cent of the mean but recovered to 60 per cent 
on day tO. Similarly, rearing response was decreased on day 7 
and showed a fast recovery on day 10, but the preening response 
further declined on day 10, Defecation, on the contrary, was 
suppressed to 0 per cent on day 7 and showed complete recovery 
on day 10. Motor activity showed a significant depression and 
fine movements were reduced more than gross movements in the 
second phase. Dopamine was significantly decreased on days 5 
and 7 but showed a 13 per cent recovery in the brain-stem on 
day 10. Norepinephrine was signitteantly reduced in the cerebral 
hemisphere while serotonin was decreased both in the cerebral 
hemisphere and brain-stem. It is generally believed that NB 
levels in the brain are responsible for the motor hyperactivity 
in rats under various experimental conditions (Matusaek and 
Ruther, 1965). Decrease in motor activity observed in this study 
is in concordance with the depletion of NE, DA and 5-HT levels. 
Motor activity started returning to normal after a peak effect 
on day 7. This corresponds with previous findings (Ciba-Gelgy 
monograph, 1971) where it has been shown the dichlorvos has a 
transient and not a oumulatlve effect on the ONS when given 
repeatedly over 2-3 weeks. 
Whereas Glees (1961) showed characteristic long fibre 
tract degeneration In the spinal cord of hen following organo-
phosphate (TOCP) intoxication, Janzik and Glees (1966) also 
detected ohromatolysing neurones in the chick* Furthermore, 
Hasan et al (1979) described fine structural degenerative changes 
in neurons and nerve fibres after DDVP toxicosis. Since the 
average amount of BNA per diploid nucleus is constant for all 
normal tissues of the body. Including brain tissue (Heller and 
elliot, 1954), measurement of DJTA provides a convenient method 
for estimating cell population in the various regions of the 
brain (Priede, 1963). Significant depletion of DNA levels 
(Tayyaba and Hasan et al., 1981) was well correlated with the 
Increased activity of DN ase in the corresponding regions of the 
brain. 
Environmental modiflability or plaetloity of the braini 
Mankind is increasingly exposed to overcrowding, noise 
and an atmosphere polluted by smoke and exhaust fumes in towns 
and cities, to chemical and physical hazard at work, to food 
that may contain residues of insecticides, fungicides, metals, 
hormones, antibiotics and a host of other undesirable chemicals 
and to polluted water in many rivers, lakes and even seas. 
Pollution of the •nTironaent, once considered a minor and 
necessary evil, is now inoreasinglj recognized as a major threat 
to social and economic development and even to man's surriTal. 
^ e animal body, understandably, reacts to deleterious forces 
of "environmental pollution" and manifests the stages oharao-
teriaed by the "(Jeneral Adaptation Syndrome" (Hans Selye, 1950) -
alarm reaction, stage of resistance and stage of exhaustion. It 
stands to reason that many of the so-called "diseases of unknown 
etiology" might be due to the derailment of adaptive mechanism 
of our bodies. 
Internal combustion engines (petrol/diesel) are the most 
widely used source of power in the present day automobiles. The 
exhaust gases emitted from the engine contain many toxic gases 
which pollute the atmosphere. The main pollutants are carbon 
monoxide, unburnt hydrocarbons, oxides of nitrogen, sulph\ir 
dioxide and hydrogen sulphide, aldehydes and vanadium. In recent 
years, the enormous growth in the number of automobiles has made 
the problem of air pollution very acute. The most disastrous are 
the sulphur containing gases as reported in Donora, Meuse Valley 
and several London episodes (Faith, 1959). In the words of 
Kinney, ",... at present the whipping boy in air pollution is 
sulphur". Sulphur oompouads in the air are known to cause death 
by respiratory ailments, by affecting heart and brain (Haider, 
Hasya and Islam, 1980). Exp«ri»ent8 to evaluate the nsuroeheaieal 
action of gaseous pollutants were performed in a specifically 
d«Blgned inhalation chamber (Haider, Haspn et al,, 1981, Fig. 1). 
Exposure of guinea pigs to "contaminated atmosphere" of SO^ 
( 10 ppm) for one hour daily for 21 days caused significant dep-
letion of total lipids and free fatty acids in all the brain 
regions. Phospholipid and cholesterol levels showed diminution 
in cerebellum emd brain stem, but were increased in cerebral 
hemisphere. Bsterified fatty acids were depleted in the cerebral 
hemisphere and brain stem but exhibited increment in the cere-
bellum. lEhe rate of lipid peroxidation and lipase activity 
showed significant increase in all the brain regions (Haider, 
Hasan et al., 1981). 
Hydrogen sulphide, on the other hand, is a nearly ubiquitous 
toxic substance which is especially dangerous when it occurs in 
confined work spaces or in high concentration under pressure. The 
effects of HgS on brain have been reoogniaed for quite some time 
(Maoaluso, 1969; Milby, 1962; Poda, 1966). It causes dizziness, 
convulsions, ataxia, rigidity, sleep disturbances, loss of 
appetite and depression. Higher concentrations of HgS first 
stimulate and then depress the CHS (Evans, 1967). Neurochemical 
studies of changes in lipid composition of various brain regions, 
following HgS eajjostire, have not been reported so far. The 
enclosed report is the singular attempt to provide information 
in this area (Haider, Hasan and Islam, 1980). In addition to 
the analysis of the aodifiability of the CNS by gaseous pollutants. 
effects of other etreesors, such as ultrasound, restraint or 
Immohilizatlon and consequences of interrupting the visual input 
have been investigated ultrastructiarally, histochemically and 
quantitative biochemically. Following various periods of eye-
enucleation, the monkey lateral geniculate nuclei showed accu-
mulation of electron dense bodies and trans-synaptic atrophy 
(Glees, Hasan and Tischner, 1967 a and b). 
Microanalysis of lipids in discrete brain areas was carried 
out following the administration of steroid contraceptive. It 
is generally accepted that the major contraceptive action of the 
oral contraceptive agent is by a negative feed back on the 
hypothalamus and anterior hypophysis. Prior to this report, no 
information was available on the pertiarbation of the lipids in 
different regions of the rabbit brain.(Islam, Hasan et al., 1980). 
Total lipids were depleted in all brain regions. The amygdaloid 
nucleus, which plajrs a significant role in modulating hypothala-
mic — pituitary exie and controlling ovulation, exhibited 
relatively early decrement of total lipids and phospholipids. 
Scanning Electron Microscopy 
Surface ultrastructure of the ventricular ependyma was 
studied using Cambridge Stereoscan 180 (Hasan et al., 1978). The 
major part of the hippooampal ependymal surface was found to be 
covered with a dense layer of cilia. Some of the cilia showed 
.^3 
bulboujg preterminal enlargements. Irregularly arranged pita of 
various diametre were also noticeable. Additionally, the surface 
ultrastrueture of the ependyma was also studied in six control 
and six experimental rabbits subjected to bilateral jugular vein 
ligation four to five days previously* Whereas in control 
rabbits the mean OSP pressure was 27 mm HgO, it rose to 71.5 ram 
HgO in the eaperimental animals. In the latter, clusters of 
cilia emanating from ependyma were separated. This appeared 
secondary to ingrowth cell processes covered with microvilli. 
Remarkable alterations were seen in the dorsal and infundibular 
regions of the third ventricle. While a marked reduction in 
ciliary density and appearance of pits were noticeable in the 
former, almost total replacement of globular excrescences by 
pleomorphic microvilli was noted in the Infundibular region. The 
morphological alterations in the ependyma that occurred in 
experimental animals suggested a modification in its function 
from a surface capable of propelling OSP by ciliary movement to 
one capable of increased ependymo-absorption. Increased incidence 
of maorophage-llke supraependymal cells was noted in the experi-
mental rabbits. 
Environmental modiflability and Ageing of the Neuronest 
Interdisciplinary neurobiologlcal studies have indicated 
that sensory, learning, motor processes and biological drives 
can be related to structural and functional organization of the 
nervous and neuroendocrine systems. Recent research trends include 
0 <! 
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inter die ciplinary attempts to bridge the gaps from behavioral 
to neurochemical, morphological and molecular levels of organi-
zation. The environmental modifiability (physiological, chemical 
and morphological "plasticity" of the brain) not only during 
developmental but also during maturity and ageing has attracted 
wide attention. Adaptation to an ever-changing environment is 
a fundamental requirement for all living organisms. External 
environmental conditions may fluctuate over an enormously wide 
range. As integrative adaptive control system, the brain plsys 
a unique role in adaptation to the environment. Many investi-
gators have examined the role of the brain and endocrines in 
adaptation, homeostasis and ageing (Comfort, 1964| fimiras, 1972). 
Althou^ the capacity of every organ, or organ system, may not 
decline progressively with age* a changing capacity may be observ-
ed in numerous variables only when the organism is subjected to 
environmental challenges or various categories of stress (as 
detailed in preceding pages). The brain and endocrines play a 
highly critical role in adaptation, homeostasis and ageing since 
these interrelated cybernetic control systems also represent the 
main sources for numerous compensatory mechanisms that are known 
to become increasingly important in ageing (Welford and Birren, 
1965). 
Investigators in the field of ageing have teleologioally 
considered the formation and accumulation of age pigment, or 
lipofuBCin, as a deleterious event for the complex intracellular 
J J 
biological proceases and a poor prognostic indicator for the 
ner^e eell« Numerous morphological or fluorescent studies have 
shown that age pigment granules progressively increase with 
advancing chronological age in man and other species (Hasan and 
Glees, 1972 a). Electron microscopic studies in animals have 
shown a considerable variability in the fine structure of indi-
vidual lipofuscin granules but the presence of "lucent areas" 
surrounded by a unit membrane is one of the characteristic feature , 
of the neuronal lipofuscin in the aged (Hasan and Glees* 1972 a). 
Electron-microscopy, utilizing freeze-etching technique (Hasan 
and Glees, 1972 b) has provided convincing evidence, which dis-
proves the earlier view that lucent areas of lipofuscin represent 
the remnant of lipid material dissolved and removed during the 
preparation of tissues for microscopic examination. Vacuolated 
pigment granules occur earlier in area postrema (a region in the 
floor of the fourth ventricle lacking blood-brain barrier) than 
in other regions of the rat brain (Hasan and Heyder, 1974 a). 
Regional differences in the time-sequence of the appearance of 
lipofuscin in various regions of the brain have been demonstrated 
(Hasan and Glees, 1974 b). Encouraging reports on the drug-induced 
inhibition and removal of lipofuscin have been published (Glees 
and Hasan, 1976* for details). Following the administration of 
dimethyl aminoethyl p-chlorophenoxy acetate (Centrophenoxine) 
dissolution of neuronal lipofuscin as well as transport and 
remoTal of al tered pigment graimles "by phagocytic ce l l s and 
the capil lary endothelltui have heen demonstrated (Hasan et a l . , 
1974; Spoerri and Glees, 1974). Lipofueoln removal appears 
Important In counteracting deleterious manifestations of ageing, 
for much useful perikaryal t e r r i t o r y w«« progressively occupied 
by age-pigment. The main aim of the present investigations 
reported herein was to search for a fundamental factor common 
to ageing, s t r e s s and environmental pollut ion. Perturbation in 
l i p i d s , increased ra te of l i p id peroxidation and progressively 
increasing accumulation of Upofuscin pigment granules were the 
common denominators in a l l the aforementioned conditions. 
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A method for demonstrating zinc content of the brain using 2-carboxy-2'-hydroxy-5'-
sulfoformazylbenzene perfusion-staining 
M. H a s a n 1 
Brain Research Laboratory, Department of Anatomy, Jawaharlal Nehru Medical Collegge, Ahgarh Muslim University, 
Ahgarh 202001 (India), 20 July 1976 
Summary. A rapid accurate method for histochemical localization of zinc m the r a t b ram, utilizing 2-carboxy-2'-
hydroxy-5'-sulfoformazylbcnzcne pcrfusion-stammg, is described. 
Zinc IS an essential element m animal nu t r i t ion , deficiency 
or intoxicat ion produce characterist ic symptoms This 
e lement forms an integral p a r t of a number of metal lo-
enzymes such as carbonic anhydrase , alkaline phospha tase , 
lactic dehydrogenase and alcohol dehydrogenase 2. The 
di thizone method is commonly used for his tochemical 
demons t ra t ion of zmc", b u t di thizone (diphenylthio-
carbazone) forms an insoluble, coloured inner complex 
sal t w i th a number of heavy metals (Zn, Pb , Ag, Cu, Hg, 
Au, Cd). Zmcon (2-carboxy-2'-hydroxy-5'-sulfoformazyl-
benzene, figure 1) has recently been used for se rum zmc 
determinat ions^ . Under carefully controlled condit ions, 
according to Searcy*, th is procedure yields results wi th 
an acceptable degree of precision and accuracy. Fur the r -
more, Zmcon has been successfully used as an indicator 
for t he spect rophotomet t ic de terminat ion of t he zmc con-
t e n t of wate r .^ 
Materials and methods. P repara t ion of exper imenta l ani-
mals . A to ta l of 35 male albino r a t s weighing 100-150 g 
were used for th is s tudy . 1. p . injections of 5 mg elemental 
zinc per kg b wt m the form of zmc chloride were given 
dai ly for 5-7 days Atomic absorpt ion spec t ropho tome tnc 
es t imat ion of the level of zmc m different regions of t h e 
b r a m of 20 ra t s (10 zinc-treated and 10 control r a t s re -
ceiving equal volumes of normal saline) was carried ou t 
using a Pe rkm-Elmer model 303 a tomic absorpt ion spec-
t rophotometer . Details of th is exper iment form p a r t of a 
separa te communicat ion * 
1 Acknowledgment. The author is grateful to Dr S H. Zaidi, 
Director, I T.R.C , Lucknow, for permission to use the atomic 
absorption spectrophotometer and to Mr M I Siddiqi, Mr M Z. 
Hasan, Mr Mujir and Mr B. Z K. Sherwam for the technical 
assistance. 
2 B L Vallee, Physiol. Rev. 39, 443 (1959). 
3 r Barka and P J. Anderson, m Histochemistry, llieory. 
Practice and Bibliography, p. 175 Harper & Row Publishers, 
New York 1963 
4 R L Searcy, in Diagnostic Biochemistry, p. 597 McGraw-
Hill Book Company, New York 1960. 
5 J A Platte and V M Marcy, Analyt Chem 31, 1226 (1959). 
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Prepara t ion of solutions for perfusion staining. 1. Staining 
solution. Dissolve 0.130 g of 2-carboxy-2 ' -hydroxy-5 ' -
sulfoformazylbenzcnc (Zincon, ca t No. 3750, Sigma Chem-
ical Co., St. Louis, USA) in 2 ml 1 N N a O H and dilute to 
100 ml with redistilled water . 2. Buffer. Di lute 213 ml 
1 N NaOH to 600 ml wi th redistilled water . Dissolve 37.3 g 
KCl and 31.0 g HjlBOg in the solution and di lute to 1:1 
wi th redistilled water . 3. Perfusion fluid. To 100 ml of 
solution 1 add 200 ml solution 2 (or enough to bring p H 
to 10.0). 
Procedure for perfusion .staining. R a t s were deeply anes-
thet ized with pentobarbi ta l sodium and, after opening 
t h e thoracic cavity, a polyethelene cannula was inserted 
HO,S' 
J'"ig. 1. Tlie structural formula of 2-carboxy-2'-hydroxy-5'-sulfofor-
maxylbenzene (Zincon). 
Fig. 2. Photoniicrograpli of a frozen section of rat cerebrum showing 
zlnc-Zmcon reaction product in the form of dark blue granules and 
radiating fibres. Bar — .50 (xm. 
into the ascending aor ta th rough the left ventricle. The 
ra te of perfusion was adjusted to 8 ml/min. The r ight 
auricle was opened to allow a low-resistance r e tu rn of t h e 
perfusion fluid from the head. The perfusion was dis-
continued after 10-15 min when oozing of the fluid was 
apparen t from a cu t m a d e in the upper lip. The skull was 
opened, the bra in removed carefully and immedia te ly 
frozen on the freezing s tage of a cold microtome (Kryo-
tome Model 1310 K, Leitz, Fed. Rep . of Germany) . I'Yozen 
sections 20 y.m th ick were obtained after proper t r imming 
of the block. They were collected on glass slides and dried. 
Some of the frozen sections were further s tained wi th 
the same buffered s taining solution (pH 10) for 0.5 min, 
then rinsed wi th deionized water . Glycerol gelatin (Cata-
logue No. GG 1, Sigma Chemical Co., St. I.^ouis, USA) 
was used as the moun t ing medium. 
Microscopy and photomicrography . Sections were exam-
ined w i t h a n Orthopla t i universa l large field microscope 
(E. Leitz, Wetzlar , Fed. Rep . of Germany) and the pho to-
micrographs of t h e appropr ia te regions (figure 2) were 
obtained using an O r t h o m a t W au tomat i c microscope 
camera (E. Leitz). 
Results and discussion. The Zincon staining solution, 
which is deep red, forms a blue complex wi th zinc ions, 
especially in alkaline solutions (pH 9-10). Cold knife or 
cold microtome sections arc undoub ted ly best for t he 
demonst ra t ion of na tu ra l t issue zinc. The zinc complex 
is stable over a p H range of 8.5-10, whereas t he copper-
Zincon complex is s table^ in the p H range 5.0-9.5. This 
difference in effect of p H permi ts t he ready detect ion of 
zinc a t p H 9 .5 -pI l 10. The di thizone me thod which is 
commonly used for histochemical demonst ra t ion of zinc 
is not so specific. The reddish di thizone staining solution 
forms a reddish-purple reaction complex wi th not only 
zinc b u t with a number of o ther heavy metals (Pb, Ag, 
Cu, Hg, Au, Cd) as welP . Atomic absorpt ion spectro-
photometr ic analysis of t he bra ins obtained from the 
same group of ra t s has revealed t h a t t he Zincon method 
was highly sensit ive to as low a concentra t ion as 20 y.g 
of zinc/g brain tissue. A unique character is t ic of Zmcon is 
its ab ih ty to diffuse uniformly to a lmost every p a r t of 
the brain to react w i th zinc int ravi ta l ly . The method des-
cribed in this paper can be advantageous ly used to loca-
lize minute a m o u n t s of zinc rapidly and accurately. 
G M. Hasan, Ann. Ind. Acad. Med. Sci., 72, 1 (1976). 
7 R. M. Rush and J. H. Yoe, Analyt. Chem. 26, 1345 (1954). 
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Spectrophotometric, Quantitative Biochemical and 
Histochemical Investigation of Different Regions of 
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Zinc has been found in high concentration in hippocampus and in the cerebellum 
(Hassler and Sorenmark, 1968). The anatomical localization responsible for 
the zinc-int'uced lethargy is unclear, but a diffuse encephalopathy is a possi-
bility (Murphy, 1970). The discovery of zinc in many highly purified enzymes 
(Vallee, 1959) has revealed the diversity of its function in protein and carbo-
hydrate metabolism. The present report deals with the quantitative estimation 
o f z i n c i n t h e hippocampus, cerebellum, frontal cortex and medulla oblongata 
following the intraperitoneal administration of 5 mg./kg. elemental zinc (in 
the form of Zn Clj) for 3 to 7 consecutive days to albino rats weighing 100 g. 
Statistically significant increase in tlie concentration of zinc was observed in the 
medulla, cerebellum, frontal cortex and hippocampus. Copper concentration 
was not altered. Quantitative estimation of alkaline phosphatase (a zinc-
metalloenzyme) revealed significant increase in the zinc-intoxicated rats as 
compared with the controls. This was further confirmed by Gomori's histo-
chemical method. 
Introduction 
The interest of the basic scientists as well as the clinicians in various aspects 
of zinc metabolism has been aroused by the current explosion of knowledge about 
the biological activity of this metal (Prasad et al, 1971). The ready reactivity of Zn 
with negatively charged groups may be pertinent to its significance in biology, where 
it is aggregated over and above other elements more abundant in the environment 
(Vallee, 1959). Reports of zinc concentrai ion after parental administration of a 
single dose of labelled zinc (Sheline et al 1943) indicate that brain accumulates sub-
stantial amounts of the metal. More recently Hassler and Sorenmark (1968) have 
*Awarded S. S. Misra Memorial Gold Medal (1975-76) for this paper presented at the Sciinlifii 
Se.ssion of the Annual Meeting of the Academy on 3rd January, 1976. 
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demonstrated by histochemical and radioactive tracer technique that high concen-
tration of zinc occurs in hippocampus and cerebellum. Murphy (1970) has described 
the interesting case history of a 16-year-old Iranian boy who had ingested 12 g. of 
elemental zinc. He suffered from unusual lethargy, light-headedness, slight staggering 
of gait and difficulty in writing legibly. Although the exact anatomic localization 
of zinc-induced lethargy was unclear, Murphy (1970) postulated a diffuse encepha-
lopathy as possibility. 
It is well-known that zinc is essential for life as an integral part of a number 
of enzymes Increasing evidence also suggests that this metal is important in the 
stability of macro molecules, particularly the components of various macro molecules 
(Chvapil, 1973). The discovery of zinc in many highly puii&ed enzymes, particularly 
in carbonic anhydrase, alkaline phosphatase, lactic dehydrogenase and alcohol 
dehydrogenase, has revealed the diversity of its function in protein and carbohydrate 
metabolism (Vallee, 1959, Huber and Gershoff, 1973). Furthermore, a number of 
reports highlight zinc-copper inter, elationship, in particular the antagonistic effect 
of copper on zinc toxicity (Smith and Larson, 1946; Van Reen, 1953; Whanger and 
Westwig 1970). 
The aims of the present investigation a re : (1) Quantitative estimation of 
zinc and copper levels in the frontal cortex, hippocampus, cerebellum and the medulla 
oblongata of rats following zinc-intoxication and to compare it with the normal 
controls. (2) Quantitative estimation of alkaline phosphatase levels. (31 Histo-
chemical demonstration of alkaline phosphatase in the brain of zinc-administered and 
'control' group of rats. 
Material and Methods 
Male, Charles Foster strain albino rats weighing 100-150 g. were used in 
this study. They were fed standard pellet diet (Hindustan Lever, Pune, India) ad 
libitum and kept under constant diurnal lighting and temperature conditions. Five 
mg. elemental zinc in the form of zinc chloride was administered intraperitoneally 
daily for 3-7 days to the experimental group of animals. The same number of 'con-
trol rats' were simultaneously admmistered equal volumes of saline intraperitoneally. 
The animals were divided into the following three groups for subsequent analyses :—• 
Group 1 : For atomic absorption spectrophotometric estimation of zinc and copper 
in frontal cortex, hippocampus, cerebellum and medulla oblongata (ex-
perimental group 10 rats, control group 10 rats). 
Group 2 : Quantitative estimation of alkaline phosphatase in cereberum, cerebe-
llum and medulla oblongata. 
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Group 3 : Histochemical demonstration of alkaline phosphatase. 
All glassware used was soaked in 10 per cent nitnc acid and rinsed with 
deionized water to avoid contamination with metals 
The animals were killed by decapitation of two at a time—one experimental 
and one control, and the brams were removed immediately, wiped free of adhering 
blood. The different regions were dissected out carefully and weighed separately. 
During the dissection and subsequent chemical manipulation care was taken to mini-
mize contamination with extraneous zinc. Thus, the brains were removed with the 
leptomeninges intact and transferred to a glass dish The outer surface of the brain 
was then wa&hed with dejonized zmc-free water, the leptomenmges stripped from 
the cortical areas to be examined and the required pieces of brain were dissected out 
with stainless steel instruments 
Group I : Frontal cortex, hippocampus, cerebellum and medulla oblongata of the 
experimental and control group of rats were simultaneously digested in 
"^ ml acid mixture containing concentrated nitric acid and sulphuric 
acid in the ratio of 4 : 1 After complete digestion, the volume was made 
upto 5 ml with one per cent HCl Metals in this solution were estima-
ted by a Perkm-Elmer model 303 atomic absorption spectrophotometer 
equipped with Bolmg burner and 'null' read out accessory Compressed 
air as oxidant and acetylene as fuel was used Readings were taken 
at 324 7 m/ i for copper and 213 9 m/x for zinc using single element 
hollow cathode lamps of respective elements. 
Group 21 For the quantitative estimation of alkaline phosphatase, cerebral hemi-
spheres, cerebellum and medulla oblongata were dissected out, weighed 
separately and ground with pestle and morter in 5 ml of cold double 
distilled water. Quantitative estimation of alkaline phosphatase was 
carried out as recommended by Wootton (1964) All chemicals used 
were of research grade purity and were obtained either from B D. H or 
E Merck 
Group 3. For histochemical demonstration of alkaline phosphatase, the brains 
were frozen immediately after removal on the cryosiat chuck (Kryotome 
1310 K., Earnest Leitz—W. Germany) and 10-15 micrometer sections were 
obtained. They were incubated for 3 h at 37°C in the substrate solution 
according to Gomori (1952). The sections were examined by orthoplan 
large field microscope (Leitz) and suitable regions photographed by 
orthomat W (Leitz) camera. 
L. ^ 
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Resul ts 
Quant i ta t ion of ssinc in di£Ferent brain areas : In the control group of 
rats the frontal cortex (neocortex) contained the maximum amount of zinc followed 
by medulla, hippocampus and cerebellum (Plate I, Fig. 1). After the adminis-
tration of 5 mg. elemental zinc per kg. of body weight for 3-5 days, the medulla 
oblongata showed the maximum concentration of zinc followed by cerebellum, cere-
bral cortex and the hippocampus (Plate I, Fig 1). 
Levels of copper : The maximum concentration of copper in tho 'control' 
group was detected in the cerebral cortex, closely followed by medulla, hippocampus 
and the cerebellum. Statistically significant increase in the copper level (P<.Ol) was 
discernible only in the cerebellum after 3-5 days of administering 5 mg. elemental 
zinc (Plate I, Fig. 2). In the hippocampus the copper level was decreased after 
giving zinc whereas in the cerebral cortex and medulla its elevation was statistically 
insignifiicant (t=0.9 for cerebral cortex and 0 67 for medulla). 
Level of alkaline phosphatase : Whereas in the cerebral cortex the level of 
alkaline phosphatase was almost doubled after 5 days of zinc administration (5mg/kg.), 
the cerebellar alkaline phosphatase showed only marginal increase (Plate I, 
Fig. 3). 
Histochemical demons t ra t ion of alkaline phospha tase : As compared to 
the normal control (Plate I, Fig. 4) the cerebrum, particularly the hippocampus 
(Plate II, Fig. 5) showed characteristic distribution of alkaline phosphatase, in the 
experimental group (5 mg /kg. zinc i.p ). Well-marked macrogranular deposition of 
alkaline phosphatase was discernible (Plate II, Fig. 6). 
Discussion 
Determination of the concentration of ions by atomic absorption spectro-
photometry has proved to be very sensitive and accurate method of multiple estima-
tion of ions in small samples of brain tissue (Smeyers et al, 1973). The steadily 
increasing contamination of environment with toxic substances has provoked major 
public concern and recently stimulated broader research activities searching for more 
detailed data concerning the basic mechanism of the effects of these toxic substances 
in the organism at both the cellular and subcellular levels. The potential of zinc 
as a health hazard to man and animals is well documented tVallee. 1959; Prasad and 
Oberleas, 1970). Zinc binds to a number of proteins reacting with'thiols' (cysteine) 
and then with imidazole groups (Chvapil et al, 1972) Furthermore, the alphaa 
macroglubulin has been suggested as a transport protein for zinc (McBean et al, 
1974). 
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The present investigation has shown that zinc occurs in higher concentration in 
the medulla oblongata than in the hippocampus and shows a more significant 
increase in the former when 5 mg./kg. elemental zinc is administered for 3 to 5 days. 
This observation might offer an explanation for the drowsiness and clouding of cons-
ciousness reported by Murphy (1970) in the case of an accidental zinc intoxication. 
The brain-stem reticular formation could well be depressed by the accumulation of 
zinc in the medulla oblongata. No comparable study of the effect of zinc-intoxication 
on the medulla oblongata is known to us. Hassler and Sorenmark (1968) have inves-
tigated zinc-concentration in the hippocampus and cerebellum only, using autoradio-
graphic technique. Chemical analysis of the rabbit brain by Klee and Lieflander 
(1965) has shown slightly higher concentration of zinc in the hippocampus than m the 
cerebellum, the cerebral cortex or the midbrain. 
Zinc is known to displace copper from several copper-dependent enzymes 
both in vivo and in vitro (Chvapil et al, 1972). In general, there is an inverse 
relationship between the levels of copper and zinc (Whanger and Westwig, 1970). 
The fall in copper level of the hippocampus following zinc-intoxication in the present 
study can thus be explained. But the statistically significant increase in the copper 
level (p<.Oil in the cerebellum is difficult to account for. It is thus evident that 
the zinc-copper antagonism is not universal in the different regions of the rat brain. 
The mechanism ot zinc-copper antagonism is still poorly understood. Zinc is an 
integral part of many enzyme systems. Alkaline phosphatase of porcine kidney 
contains 0.15 percent metallic zinc (Mathies, 1958). Furthermore, the enzyme 
contain;. 4 g. atoms of zinc/mole of protein (Fosset et al, 1974). It was, therefore 
contemplated to investigate the effect of zinc-intoxication on alkaline phosphatase 
content of different regions of the rat brain. Quantitative biochemical and histo-
chemical techniques demonstrated an increase in the level of this enzyme in experi-
mental rats. An indirect support to this finding has been given by Prasad et al 
(1971) who showed that in zinc-deficient rats and young pigs, the activities of various 
zinc-dependent enzymes (judged by histochemical techniques) were reduced in com-
parison to their pair-fed controls. On the other hand Hubber and Gershoff (1973) 
have observed depressed carbonic anhydrase activity and increased alkaline phos-
phatase in the tissue of rats fed high zinc diets. 
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ABSTRACT 
Rats w«r« given trimethyltin chloride (I mg/kg body weight) i.p* 
daily for 8 days. Hippocampus, hypothalamus, amygdaloid nucleus 
and gyrus cinguli were prepared for electron microscopy by per-
fusion fixation. Electron microscopy revealed remarkable accumu-
lation of lipofuscin granules in cerebellar-neurons. Increased 
incidence of Qolgi zones was also observed. Quantitative neuro-
chemical study showed congruence between the depletion of lipids 
and increased lipase activity and lipid peroxidation. LipofUscin-
like pigment deposition well correlated with the increased rate 
of lipid peroxidation. 
INfRODaCTION 
Trimethyltln (TMT) in r a t i s generally very cunrulati-ve and 
pers i s ten t . I t has been shown tha t minimum overall concentration 
in brain cussooiated with neuronal damage was 1.4 ug/g wet weight 
(Brown et a l , , 1979). The mechanism by which fMT produces neuronal 
necrosis i s not yet known, 3?he u l t r as t ruc tu ra l bas is , of patholo-
gic changes that occur within hippocampal and pyriform neurons, 
was recently investigated by Bouldin et a l . (1981). The sequence 
of subcellular pathologic changes, which was analyzed in acutely 
intoxicated (TMT) adult r a t s , began with multifocal accumulation 
of smooth membranes in neuronal perikarya and proximal dendri tes . 
These multifocal accumulations of GERL*like membranes were follow-
ed by the massive aoeunfulation of cytoplasmic dense bodies and 
autophagic vacuoles (Bouldin et a l . , 1981). The internal s t ructure 
of the dense bodies varied but a l l had a l imi t ing membrane. Their 
morphologio character is t ics conformed to the general description 
of lipofuscin (aiees and Hasan, 1976). The s imilar i ty of the 
l ip id peroxidation product to lipofuscin has been verified by 
Ohio and Tappel (1969) on the basis that i t gives fluorescent 
products which have character is t ic fluorescent spectra with a 
maximum at 470 nm when excited at 365 nm, similar to those of 
0, 
lipofuscin figment. The main objedtives of the present study 
are , therefore, t o evaluate the effects of t r imsthyl t in intoxicat ion 
on the fine s t ructure of the neurons of discrete brain regions 
and to correla te them, i f poss ible , with the changes in regional 
l i p id p ro f i l e s , l ipase ac t iv i ty and l ip id peroxidation. 
MATERIiiL AND METHODS! 
Male a lb ino r a t s obtained jfrom Central Drug Research 
I n s t i t u t e , lucknow (India) weighing 1 5 0 + 5 0 g, were fed a commer-
o i a l d i e t (Hind Lever l abo ra to ry Feeds, I n d i a ) . They were housed 
i n a group of not more than four i n p l a s t i o cages with dimensiona 
of 12 X 9 X 6 i n . 
ELlCTROir MICROSCOPYt 
Twelve male albino r a t s were divided i n to two groups of s i x 
each. Rats of group 1 were given BIT so lu t i on i . p . (1 mg TMT/kg) 
da i ly for 8 days and equal volumes of phys io log ica l s a l i n e were 
concurrent ly given i . p . t o r a t s of group 2 . The bra ins of a l l the 
r a t s were f ixed by per fus ion- f ixa t ion with phosphate buffered 
glutaraldehyde/paraformal-dehyde s o l u t i o n s , prepared along the 
l i n e s recommended by Karnovsky (1965). Two r a t s were anes the t i sed 
a t a time (one experimental and one control) with i . p . sodium 
pen tobarb i ta l (30 mg/kg body wt . ) and perfused through h e a r t . The 
perfusion f lu id was kept a t a he igh t of about 1 metre above the 
l e v e l of t he hea r t of the animal, the needle was introduced i n t o 
the l e f t v e n t r i c l e and guided i n t o the ascending ao r t a . The 
duration of perfus ion was 25-30 min. and the volume for each animal 
was approximately 300 ml ( a t t he r a t e of about 10 ml/min. ) . The 
braina were removed from t h e cranium, taking care to avoid trauma. 
Small p ieces of the cerebellum, corpus s t r i a tum, mammillary complex 
and gyrus c i n g u l i were d i s sec ted out and quickly immersed i n the 
C2 
f ixat ive used for perfusion for 3 hr at 4''0. The t issue was then 
rinsed in 0.1M phosphate buffer (pH 7.5) and post-fixed In 19S 
osmotically adjusted osmium tetroxide for 1 - 2 hrs« After 
dehydration the material was embedded in a mixture of a ra ld i te 
502 and Epon 812 ( 1 J 2 ) « The desired regions of the brain were 
sectioned (1 ma thick) with an LEB tJltratome Model I I I and stained 
with toluidine blue. Adjacent u l t ra th in sections were obtained 
from the area of in te res t , fhey were stained with uranyl acetate 
(Watson, 1958) and lead n i t r a t e (Reynolds, 1963) and examined with 
a Hitachi H0 I I B electron microscope a t an accelerating Toltage 
of 75 KV. 
BIOCHEMICAL BETMMINAflOHSl 
Treatment I The solution of t r imethyl t ln chloride (TMT) was p re -
pared in double d i s t i l l ed water. Six groups of r a t s were injected 
with a TMT solution i . p . (1 mg of TMT/kg) daily for 8 days. Rats 
i n group 7 and 8 served as controls and were given equivalent 
volume of physiological sa l ine i . p . concurrently. 
EXTRACTION AND ANALTSIS OF BRAIH IiIPIDSt 
Rats were fasted overnight (allowing water ad libitum) and 
saorifioed by decapitation, Brains were rapidly dissected in to 
cerebral heaisphwe, oerebelliua, and brain stem on an ice p la te 
and weighed to the nearest milligram on an e l ec t r i ca l balance. 
Different pa r t s of tiie brain were homogenised with a teflon pes t le 
i n chloroflrm-nethanol (2 i l ) v /v , according to the method of Polch 
e t a l , (1951) and i so la t ed ae described by Islam et a l . (1980) . 
The analys is of t o t a l l i p i d s was performed according t o the 
method of Woodman and Pr ice (1972) . Phosphorous was determined 
by the method of Marinet t i (1962) . Cholesterol was estimated by 
Liberman-Burchard reac t ion (Bloor e t a l , 1922). The concentra-
t i o n of e s t e r i f i e d f a t ty ac ids and gangl ios ides was evaluated by 
the method of Stern and Shapiro (1953) and P o l l e t e t a l . (1980), 
r e s p e c t i v e l y . 
DETHIMINATION OP LIPID PBROXIDATIONt 
Various regions of the b r a i n were homogenised i n c h i l l e d 
0,15M potassium chloride with a t e f lon p e s t l e , and the f i n a l 
volumes adjusted to give a 109^  (w/v) homogenate. The absorbance 
of the s o l u t i o n was read a t 535 nm and the r e s u l t s expressed as 
nanomolea of malonaldialdehyde formed per 30 min us ing the ext inc-
t i o n coe f f i c i en t 1.56 x 10^ as described by Utely e t a l . (1967) . 
DETmMINATION OF LIPASE ACTIVITY: 
Lipase a c t i v i t y was determined by the method of Tie tz and 
Eiereok (1966) with t h e following modification by Haider e t a l . 
(1981) , The homogenate i n c h i l l e d 0.15M KCl was centrifuged a t 
5000 rpm and 1 ml of the supernatant was assayed for l i p a s e 
a c t i v i t y . The r e s u l t s were expressed I n I n t e r n a t i o n a l Un i t / g of 
f resh t i s s u e . 
Per the determination of t o t a l sulfhydryl r a d i c a l s , b r a i n 
p a r t s from the given a reas , were homogenised i n ch i l l ed 0.15M 
54 
potasBlTim chlor ide with a t e f l o n p e s t l e , and the f ina l volume 
adjusted to have a 10?C (w/v) homogenate. fhe contents of t o t a l 
sulfhydryl r a d i c a l s were es t imated by the procedure of Sedlak and 
Lindsay (1968) . 
STATISTICAL AHALTSISJ 
The data were analysed s t a t i s t i c a l l y us ing S tudent ' s ' t * t e s t 
and s i g n i f i c a n t differences between the means of the experimental 
and cont ro l groiqo and the 'P* values ca l cu l a t ed , 'P* values l e s s 
than 0.05 were considered t o be s i g n i f l e a n t . 
Analysis of variance (ANOVA) was ca lcu la ted by F i s h e r ' s Least 
S igni f icant Test (LSDj M i l l e r , 1966), The object of ANOVA was to 
break up t h e t o t a l v a r i a t i o n i n t o components due to each of the 
two f ac to r s : 
(1) Var ia t ion within reg ions 
(11) Var ia t ion due to TMT Toxicosis 
The va lues were compared by ' P ' t e s t . A l e v e l of P/ 0.05 
was se t as t h e acceptable l e v e l of s igni f icance* 
EESDLTS t 
general Observations! Physical signs of tin toxicosis Included 
irritability, restlessness and at times epistaxis. 
'o'o 
ELECBION MICROSCOPYi 
Whereas t he zieurone of t h e oontroX r a t s showed wel l -p reser red 
mitochondria, Oolgi zones and endoplasmic re t i cu lum, the ce r ebe l l a r 
neurons of TMT-administered r a t s eadiibited remarkable accumulation 
of l ipofasoin granules (P ig . 1 ) . Furthermore, hippocampal, hypo-
thalamic (P ig . 2 ) , mammillary (F ig . 5 ) , amygdaloid and c ingu la te 
neuronal pe r ikarya contained not only pleomorphic l ipofusoin 
granules but a l so showed increment i n GEElL-profiles and neuro-
tubu les , 
NEtJROCHEMICAIi FINDINGS! 
The adminis t ra t ion of t r i m e t h y l t i n ch lo r ide (1 mg/kg body 
wt. i . p . ) caused s t a t i s t i c a l l y s i g n i f i c a n t decrement i n the t o t a l 
l i p i d contents of a l l t h e reg ions of the b r a i n (Table 1,2 & 3 ) . 
But the l e v e l of phosp|itolipids remained u n a l t e r e d . I n t e r e s t i n g l y , 
choles tero l /phosphol ip id (C/P) r a t i o was s i g n i f i c a n t l y depleted 
i n the ce rebra l hemisphere and b r a in stem (Table 4 ) . On t h e o ther 
hand, the concent ra t ion of cho l e s t e ro l was deple ted s i g n i f i c a n t l y 
i n cerebra l hemisphere and b r a i n stem. Also, e s t e r l f i e d f a t t y 
ac ids were remarkably decreased i n var ious regicms of t he b r a i n 
(P ^ 0 . 0 1 , P Z-0 .001) . S ign i f i can t d iminl t lon of the gang l los ides , 
however, occurred only i n the cerebellum and b r a i n stem (Table 2 
& 3 ) . 
The r a t e of l i p i d peroxidat ion expressed as nanomoles 
malonaldialdehyde formed per 30 min, i n d i f f e r en t regions of b r a i n 
5C 
Figure No» it Electron micrograph of part of corpus striatum 
neuron showing dense accumulation of electron 
dense bodies (X 12,000). 
r^^i 1. 
5v 
Figure No. 2 : Electron micrograph of part of Pixrkinje 
perikaryon showing a few polymorphic electron 
dense bodies, dense altered mitochondria, 
coated vesicles and increased electron density 
of the oytOBOl (X 16,200). 

Figure Ho. 3 t Electron micrograph of part of i>urkin;Je 
perikaryon showing prominent Oolgi zone, 
numerous (tWL complexes and coated residlee. 
Altered irregular mitochondria are also seen 
(X 22»200). 
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i n con t ro l and TMT-lntoiicated a re shown i n Table 5. There was 
a s i g n i f i c a n t increase i n l i p i d peroxidat ion i n the cerebellum 
and bra in stem but in the ce r eb ra l hemisphere t h e change VBB 
i n s i g n i f i c a n t . The a c t i v i t y of l i p a s e was however, s ignif icant ly-
elevated i n a l l the regions of t h e bra in (Table 6 ) , The contents 
of t o t a l sulfhydryl r a d i c a l s were s i g n i f i c a n t l y decreased i n the 
b r a i n stem only (Table 5 ) . 
The r e s u l t s of AN07A (Table 7) revealed t h a t the t o t a l 
v a r i a t i o n wi th in d i f fe ren t reg ions of the b r a i n was s t a t i s t i c a l l y 
s i g n i f i c a n t (P / 0 .01) . Furthermore» TMT produced an ove ra l l 
s t a t i s t i c a l s ign i f i can t e f f e c t i n reg iona l b r a i n l i p i d f r ac t ions 
(P / „ 0 . 0 1 ) . However, df » 1,32; (F « 5.74; / ^O.OI) , was s t a t i s -
t i c a l l y s i g n i f i c a n t for l i p i d peroxidat ion but df « 2,32 was 
i n s i g n i f i c a n t . On the o ther hand ef fec t of TMT on t o t a l sul fhydryl 
r a d i c a l s was a l so s t a t i s t i c a l l y i n s ign i f i c an t (df « 2,32j F« 0,2056 
and df o 1,32j P w 0.6110). 
DISCTJSSIONJ 
Brown e t a l . (1979) repor ted t he most severe neuropathological 
damage i n hippocampus and pyriform cor tex following t r i m e t h y l t i n 
i n t o x i c a t i o n . They noted occasional damaged Purkinje c e l l s and 
small foci of vacuolat ion i n the outer h a l f of the molecular l ayer 
of cerebellum. On the o ther hand, Bouldin e t a l . (1981) choose 
only the hippocampal and pyriform neurons ibr extended i n v e s t i g a -
t i o n . Thus no u l t r a s t r u c t u r a l information on poss ib l e TMT-induced 
a l t e r a t i o n s i n hippocampus, hypothalamus, amygdaloid nucleus and 
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gyrus cinguli ie available. The only other neuropathologio 
report seema to "be embodied in the thesis submitted by Meynier 
(I955)f cited by Brown et al. (1979), which described trigrolysis 
of the Purkinje cells after tetramethyltin administration in mice. 
Our ultrastructural study of the effects of TMT poisoning on the 
cerebellum, corpus striatum, mammillary complex and gyrus cinguli 
appears to be the first Investigation dealing with these regions 
of the brain. The occurrence of the most significant alterations 
in the Purkinje cells of the cerebellum and corpus striatum 
neurons correlates well with the observed physical signs of TMT 
neurotoxicity. Polymorphic electron dense bodies were most 
numerous in the perikarya of Purkinje cells and corpus striatum 
neurons. The induction of massive accumulations of cytoplasmic 
dense bodies within neurons is not unique to TMT, as a wide variety 
of drugs (Drenckhahn and Lullman-B.auch, 1979), thallium (Hasan 
and All, 1981a) and organophosphate pesticides (Hasan and All, 
1981b) have been shown to Induce similar accumulations. The 
Increased incidence of electron dense bodies appears to be the 
end result of lipid peroxidation. The brain homogenate has 
apparently the necessary unsaturated fatty acids and the catalysts 
for peroxidation In the architecture of the cell Itself which are 
readily available for reaction with molecular oxygen to undergo 
lipid peroxidation. Peroxidation Involves the direct reaction of 
oxygen and lipid to form free radical intermediates and to produce 
semistable peroxides. The possibility that lipid peroxidation may 
be a basic mechanism of toxicity for a wide variety of enyironmental 
ohemlealfl has made th is phenomenon a focus of toxicologic 
i n t e r e s t . I^ee radicals which possess an odd number of electrons 
and have extreme reac t iv i ty , can oxidize membrane l ip ids forming 
l ip id peroxides (Demopoulos e t a l» , 1979). I t seems probable 
that membrane conformation may be of considerable importance 
•in vivo* in protecting the unsaturated fa t ty acids in the brain 
from the poss ib i l i ty of enajrmic and non-enssymic l i p i d peroxidation 
(Player and Horton, 1982). The s imilar i ty of peroxidation end-
product to electron dense pigment granules has been verified by 
Ohio and Tappel (1969), on the basis that l i p i d peroxidation of 
sub-cellular organelles gives fluorescent products which have 
character is t ic spectra with a maximum at 470 nm when excited at 
365 nm, similar to those of lipoj^lscin pigment. Of importance to 
cel lular damage i s the l i a b i l i t y of lysosomal membranes to rupture 
with concurrent release of an array of hydrolytic enzymes with 
capacity to i n i t i a t e ce l lu lar digestion and catabolism. Along with 
the remarkable accumulation of electron dense pigment, there was 
also a corresponding increment by 55?^  in the r a t e of l ip id per-
oxidation in the cerebellum. 
Another interest ing finding of the present study was an 
apparent increase in Ctolgi-assooiated endoplasmic retic\ilum (GERL) 
prof i les . Morphological charac ter i s t ics distinguishing QWL from 
other smooth-surface s tructures in the ce l l have been suggested, 
to be in general, thickened (Hand and Oliver, 1977) or coated 
(Holteman et a l . , 1967), membranes: cisternae exhibiting dense 
contents or central densi t ies and continuit ies with endopleuBmic 
reticulum (l*dvikoff et a l . , 1977). Eyen though kinetic data 
are lacking in the current investigation, l i t t l e evidence seems 
to exist for the direct derivation of electron dense bodies from 
(URL complex as claimed toy Bouldin et a l . (1981). Furthermore, 
al tered mitochondria, and close association of electron dense 
toodies with these prof i les , were frequently detected in the various 
regions of the torain. Our f i n d i n g tend t o support the mitochon-
dr i a l genesis of electron dense granules (lipofusoin) as propounded 
toy Glees and Hasan (1976) and recently confirmed toy Vanneste and 
de Aguilar (1981). According to Packer et a l . (1967)t only 
mitochondria possess mechanism for direct reac t ion with exygen. 
Phospholipids comprise atoout 16?^  of the toody weight of mitochondria. 
The l ip ids found in memtoranee are almost a l l phospholipids and 
cholesterol with a compliment of ceretorosides. Furthermore, Glees 
and Hasan (1976) have demonstrated a '•mitochondrion-electron dense 
body" t ransi t ion-stage in the monkey geniculate nexurons in the i r 
figure-13. 
Quantitative neurochemical investigations revealed remarkatole 
congruence toetween the depletion of to t a l l i p i d s / l i p i d fractions 
and Increment in l ipase a c t i v i t y and l ip id peroxidation. The i n -
creased l ipase ac t iv i ty may help i n faster translocation of l i p i d s , 
thus creating a l ip id deficiency (Jos and Otoden, 1979). Such a 
s i tuat ion can affect the functional In tegr i ty of neuronal cyto-
memtoranes, leading to disturtoanoes in l ip id composition of neuronal 
and g l i a l membranes. Furthermore, an increased l ipase ac t iv i ty in 
various regions of the bra in induced by TMT i s l ike ly to t r igger 
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enzsrmatio and non-enzymatic l i p i d peroxida t ion , which i n t u r n 
may lead to manipulation of c e l l u l a r i n j u r y . 
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STRESS.««IND E N m N M m POUUTION 
BY 
MEHDI HASAN 
Brain Research Centre, J. N. Medical College, 
Aligarli Muslim University, Aligarh-202001. 
Stress has been defined as the state manifested by the specific 
syndrome which consists of all the non-specifically induced changes 
within a biologic system (Selye, 1950)- When an organism is 
exposed to some factor which places a threat upon the normal 
homeokinetic balance, it is said to be stressed. The stressor which 
places the initial strain on the organism may be physical, chemical, 
mental, biological or almost any other factor. Stress may also be 
defined as the reaction of the animal body to forces of a deleterious 
nature that tend to disturb its normal physiologic balance. A 
general theory of reaction to stress has been formulated by Hans 
Selye (1968) under the title of the 'General Adaptation Syndrome 
(GAS)' which involves three stages : 
(1) Alarm Reaction (A-R) or Shock, when the animal is 
initially exposed to stresses and must set up defenses to 
combat it. 
(2) Stage of Resistance (S-R), when the organism is able 
to adjust to the changed environment. The adaptation 
is optimal at this stage. 
(3) Stage of Exhaustion (S-E), in which the acquired 
adaptation is Jest. 
Derailments of these adaptive mechanisms are principal 
factors in the production of certain maladies, which are considered 
as diseases of adaptation. The sum of all non-specific changes 
caused by function or damage or •the rate of wear and tear in the 
body' determines the rate of ageing of the organism (Hasan and 
Glees, 1972)" In this way stress and ageing process are closely 
t 's 
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interwoven. Furthermore, stress is said to be proportional to the 
'rate of change in environment' and 'rate of change in adaptation'. 
Advancing age has been associated with a decline in the ability of 
an organism to respond optimally to internal or external challenges 
(Sun et al, 1975). In order to survive, all organisms must adapt 
internally and/or externally to meet the challanges of the ever-
changing environment. The nervous and endocrine systems co-
ordinate and integrate the operation of the other organs of the body 
to bring about their homeostatic adjustments. Furthermore, the 
postmitotic cells of the nervous system—the neurons—exhibit 
increasing interaneuronal accumulation of lipofuscin (age-pigment) 
which has been correlated with the ageing of mammals (Brizzee 
and Johnson, 1970; Hasan and Glees, 1972). 
On the other hand, lipopigments (indistinguishable from 
lipofuscin) have also been induced experimentally (Sulkin, ]969)« 
It has been pointed out by Sulkin (1969) that lipofuscin accumu-
lation might be the result and injury to the organism. Pigment 
formation in young rats has also been found in a number of experi-
mental conditions such as chronic vitamin E deficiency (Einarson, 
1953), the effects of acetanilid feeding (Sulkin and Srivanij, i960) 
and in cases of chronic hypoxia (Sulkin, 1969)- Strehler (•(962), 
however, contends that experimentally induced lipofuscin need 
not invalidate close relationship of the pigment with ageing 
since the resulting experimental changes might occur by a different 
process than that in physiological ageing. Shifts in metabolic 
processes are not uncommon, e, g., the shift from aerobic to an 
aerobic glycolysis in skeletal muscle. 
The main aims of this communication are as follows : 
(a) To evaluate the process of neuronal ageing in the various 
regions of the brain, using electron microscopy. 
(b) To find out whether pigments, similar to the age-pigment 
can be experimentally induced by chemical/toxico-
logical stress. 
(c) To investigate the experimental modifiability of neuronal 
pigments. 
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MATERIALS AND METHODS 
1. Neuronal ageing 
Twenty four Wistar rats, all males, were used in this study. 
They were divided into two groups according to age : 4-12 months 
and 24-4D months of age. They had been maintained two in a cage 
under standard laboratory cond'tions. They were fed, ad lib, a. 
pellet diet (Hindustan Lever). 
Rats were anaesthestized, two at a time, one young and one 
old with interaperitoneal sodium pentobarbital and perfused through 
the heart. The brains were removed 3 hours after perfusion and 
small pieces of hippocampus, mamillary body, hypothalamus and 
area postrema were dissected out. The tissues were kept in the 
same fixative for another 3 hours. Thereafter they were rinsed in 
phosphate buffer (pH, 7-3) and postfixed in 1% osmium tefraoxide 
for 2-3 hours. After dehydration in graded acetone—water series, 
the material was embedded in Vestopal-W. Staining 'en bloc', with 
0"5% uranyl acetate and 1% phosphotungstic acid was carried out 
in 70% acetone. The blocks were sectioned with an LK.B ultratome. 
The ultrathin sections were mounted on forravar coated copper 
grids, stained with lead citrate ("Reynoids, 196?) and examined in an 
Zeiss EM 9A electron microscope. 
2. Effects ofdiamino-ethyl, p-chlorophenoxyacetate HCl {Helfergin, 
Promonta Labs., Hamburg) on the age-pigment 
Ten rats over 2 years old were used for this study They 
had been maintained two in a cage at a temperature of 26°C±3°C 
and humidity (50-55%)' The pair put together in a cage were of 
the same age, sex and weight. They were weighed at the beginning 
and end of the experiment. While one of the pair was given 
intramuscular injections of dimethylaminoethyl p-chlorophenoxy-
acetate HCl (Helfergin, Promonta) 80 mg/Kg body weight daily 
for 30 to 56 days, the other one received an equal volume of 
physiological saline per i. m.'at the same time. The 'treated' and 
'control' rats were killed two at a time and their tissues were 
processed together for eJectron microscopy as described above. 
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3. Experimental induction of the pigment 
One hundred and ten male albino rats (C.D.R.T., Lucknow), 
Aveighing 150±20g. were fed, ad lib, a pellet diet (Hindustan Lever, 
India). The ambient room temperature was maintained at 24°— 
26°C. The experimental and control groups consisted of equal 
number of rats. 
PROCEDURE 
Thallium administration. Rats were injected with thallous 
acetate solution 1. P. (5 mg. elemental thallium per Kg.) daily for 
^even days. The total dose administered was 35 rog. thallium/Kg. 
•corresponding to the LD 50 dose of Brewer and Haggerty (1958)-
The control group was treated in a similar manner with equal 
•volumes of sodium acetate solution of the same molar con-
centration. 
Preparation for electron microscopy. Two rats were anaes-
Ihetized at one time (one experimental and one control) with 
•sodium pentobarbital and their brains fixed by perfusion fixation, 
according to Karnovsky (1965). Small pieces of hippocampus, 
mamillary body, anterior hypothalamus and area postrema were 
dissected out and quickly processed for electron microscopy. The 
tissue was postfixed in 1% nsmotically adjusted osmium tetroxide 
for 1-2 hours. After alcohol dehydration the material was embedded 
in mixture of Araldite 502 and Epon 812- Ultrathin sections 
(600A°—700A°) were stained with uranyl acetate (Watson, 1958) 
and lead citrate (Reynolds, 1963) and examined with a Hitachi 
HUllE electron microscope. 
RESULTS 
/ . Anterior Hypothalamus 
The anterior hypothalamic neurons of young rats (6 months 
eld) showed prominent stacks of rough endoplasmic reticulum in 
their perikarya with well-deveJoped Golgi Zones and evenly 
distibuted mitochondrial profiles. Although lipofuscin granules 
were small in size and number but their occurrence in the young 
xats was considered noteworthy (Hasan et al, 1974;. The size and 
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frequency of lipofuscin granules increased with age. Electron-lucid 
areas or vacuoles were not discernible within the electron-dense 
lipofuscin granules. In a majority of neurons the pigment exhibited 
uniform electron density but appeared to be composed of a 
conglomeration of smaller units (Fig. i). 
Fig. 1. EM of a part of hippocampal neuron of aged rat (24) 
showing lipofuscin clumps x 12,000 
Occasionally, a limiting membrane was discernible on higher 
magnification of the pigment granules. Some profiles exhibited a 
finely granular content but a lamellated appearance was less 
frequently detected. The association of polymorphic mitochondria 
and pigment granules was striking in some neurons. On close 
aetv^ny smm of the electron dense profiles also exhibited cristae-
like internal pattern. Myelin-like figure and vacuolar proles wer& 
abo^cernible ia some spect^ ^n^2ll«W?4^ j^^ «r;$CJhe hom'ogeneous 
and iMly granular p^mfaih bodies^ proBles-e^^^||M one or more 
distinctly outlinej electron-lucentjAreas were cbijP^Iy observed 
J«i5J" 
1% 
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in the aged rats. No extra cellular lipofuscin granules were, 
however, observed. 
Fig. 2- EM of a pait of the neuron of mammillary body showing 
lipofuscin granulesX 12.000 
2. Mamillary Body 
The mamillary body, in particular its medial nucleus, was 
found to be rich in medium-sized neurons. Occasional invagi-
nations of the nuclear membrane were seen. The perikaryon 
contained stacks of rough endoplasmic reticulum, ribosomal 
Tcsettes, Goigi zones and scattered mitochondrial profiles. Upto 
Ihe age of 12 months, the incidence of electron dense bodies 
(lipofuscin) was minimal. However, in the age group 24 m. to 
42 na., one finds remarkable accumulation of lipofuscin granules ia 
the peiflra^ Ta. In a few cases, double-membrane of the pigment 
granules was|*^ early visualized. 
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S. Hippocampus 
The hippocampal neurons of the younger group of animals 
exhibn\»4 nuclei containing uniformly dispersed chromatin 
material, ti> l^-defined double nuclear membranes and often promi-
nent nucleoIaKfirofiles. The rough-surfaced endoplasmic reticulum, 
which was well-developed and arranged in orderly rows in younger 
groups of animals, had lost its typical orderly lamination in the 
large perikarya of the aged hippocampal neurons leading to a 
dispersal of endoplasmic tubes. Mitochondrial profiles were found 
to be inii ^ately related to lipofuscin granules in the perikarya of 
senescent neurons. The pigment granules varied in morphology 
fcid electron density. They generally confirmed to the classification 
^^Qosed by Miyagishi et al. (1967) and Hasan and Glees (1972). 
^Hwuscin granules exhibiting electron-lucid areas and limited by 
FSingle osmiophiiic membrane were more commonly discernible 
with increase in age. 
4. Area Postrema 
The area postrema is a subependymal legion in the floor of 
the fourth ventricle at its transition with the central canal of closed 
part of the medulla. It is similar in organization to the hypo-
thalamus and a number of neurovegetative functions have been 
assigned to it. Ultrastructurally it was found to consist of a loose 
• neuroglia and neuronal population. Many oligodendrocytes and 
astrocytes were detected (Hasan and Heyder, 1974). The note-
worthy finding was the occurrence of a large number of lipofuscin 
granules in the neuronal perikarya in rats of the 12-24 age group. 
Some pigment bodies showed dark granules and lucid vacuoles 
(Fig. 3). 
Btat^ylamiooethyl p-chlorophenoxyacetate-induced induced dimi-
oiitltHi of the pigment 
After 4 weeks of drug administration, the pigment masses 
appeared to lose their electron density (Fig. 4) and large electron-
ta^4lVMt#n«eetes) became apparent. Particularly noteworthy 
was tlie ims(S^aiaMon of a few altered lipofuscin granules in the 
79 
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perikaryon of reactive 'phagocytic cells, rich in cytoplasmic 
organelles and exhibiting increased electron density.' Ocsaax^XuSy, 
y 
Fig. 3. EM of a part of neuron of rat after Centrophenoxine 
(gOmg/Kg) treatment for 6 weeks. Note the diminution 
of pigment X 12,000 
these cells were observed close to capillaries. It may be noted that 
the fine structure of cajillaries in the tissues obtained from the 
control animals corresponded to the standard description (Dahl, 
1973). The endothelium formed a complete continuous layer with 
no fenestrations and did not contain vacuolated lipofuscin. In this 
context, the occurrence of altered lipofuscin in the pericytes of 
treated arimals, and in the endothelial cell was remarkable. 
Vacw^ted pigment granules were often lodged in large spaces 
within the capillary endothelium. Furthermore, the occurrence of 
a $enes of vacuoles ia the capillary endothelium of rats treated for 
35 days and more merits particular attention. It appears that the 
number of eadotbelial vacuoles increases following longer durt#iit 
of the drug administration. 
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ThalliBBt-induced pigments 
/. Hippocampus 
A notable feature of the hippocampal neurons following 
thallium administration was the proliferation of smooth endo-
plasmic reticulum and Goigi vesicles (Fig. 5). Irregular electron-
dense bodies and coated vesicles were frequently observed in these 
neurons (Hasan et al, 1977). 
01 
9^.4. EM of a part of hypothalamus neuron of Thallium 
Stated rat showing pigment (Lipofuscin/Ceroid)x 18.000 
I iHlMr hypothalamic neurons showed increased incidence of 
p i^ ter t Manures and arcuate confirmation of Golgi cisternae and 
vesi^s^i^asan et al., 1977), 
Zl 
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3. Mamillary Body 
The neurons of the mamillary body were found to be 
studded with pleiomorphic lipofuscin granules, some of which 
exhibited electron-lucid vacuoles (Hasan and Glees, 1974). 
4. Area Postrema 
Following thallium administralion, an increase in the 
frequency of occurrence of oliodendrogliacytes was clearly dis-
cernible in the thallium-treated animals, when sections from these 
brains and control rats were examined alternately. Frequently, 
large and small nuclear profiles of oligodendrogliacytes were 
observed in very close proximity. They were not separated by a 
plasma membrane. Vacuolated electron dense bodies were noti-
ceable in their perikaryon. A small round profile, resembling a 
sequestrated part of a nucleus was also seen. Occasionally an 
otherwise normal looking oligodendrogliacyte was found to exhibit 
a small uniformly de ise body, separated by a membrane from the 
perikaryon. At times, large vacuolated single-membrane bound 
dense bodies were detected in the vicinity of the elongated and 
infolded nuclei of the oligodendrogliacytes. 
DISCUSSION 
All higher, multicellular organisms have a finite life span 
terminating in abrupt end points of death or mortality. According 
to current views on molecular sources of ageing, biological ageing 
is genetically programmed and an extension of the DNA—directed 
ontogenetic sequences of early cell differentiation and growth. 
However, the organism is an environmentally modifiable physico-
•chemical system in which the genotype is regulated by natural 
selection in evolution to correspond to the conditions set by the 
environment (Ordy, 1975). This implies that genetic and envB 
mental factors do interact to determine the average or mean 
span within a species. Most attempts to explain biological i 
liave been based on cell loss, cell alterations or both, 
rationale for this view is simply based on the classical doctri^ 
tieesSyil the basic unit,of structure and function of. 
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Fig 5 EM of a part of area postrema neuron of rat after thallium 
treatment (5mg/Kg;. Note the membrane bound pigment 
granule X 18,000 
34 
12 MEHDI HASAN lABB 
systems. There are many ways to classify mammalian cell popu-
lations. Generally, they have been classified into 3 major groups 
according to their mitotic capacity and their life span in adults : 
continuous, intermittent and nonmitotic or postmitotic cells. The 
nonmitotic cells or fixed postmitotic cells do not divide. They are 
formed early in life and remain throughout the life span. The 
best known examples are neurons and cardiac muscle cells. In 
contrast to mitotic responses by continuous and intermittent 
dividing cells, the responses of fixed postmitotic to increasing loads 
or environmental challenges occurs primarily by hypertrophy alone 
in muscle tissue. It seems interesting to note that increases 
in nuclear diametre have also been reported for neurons in 
various hypothalamic nuclei in response to environmental 
challenges (Palkovitas and Stark, 1972). Regarding subcellular 
sources of ageing, the progressive accumulation of lipofuscin 
or so called agepigment in postmitotic neurons and muscle cells 
has been universally accepted as the most consistent indicator 
of ageing. 
The capacity to adapt to an ever-changing environment is a 
fundamental characteristic of all living organisms. As part of 
adaptation, all organisms must maintain homeostasis or a relatively 
constant internal environment at rest or in response to a rapidly 
changing external environment. As interrelated adaptive control 
system the brain plays a unique role in adaptation to environment. 
Althrough ageing may generalized throughout the mammalian 
body, increasing attention has been directed toward the brain and 
endocrines as major control or integrative systems since age-
dependent changes in these two main control systems might be 
expected to have significant and widespread consequences through-
out the entire organism. It has been widely accepted that stress 
induced activation of the limbic system, hypothalamic-pituitary— 
a<!renal axis in mammals invariable involves biochemical changes 
in these regions. 
Rats subjected to repeated chemical stress, in the form of 
thallum intoxication, accumulated intra-neuronal pigment granules 
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(ceroid) which resembled lipofuscin ultrastructurally. Also, some 
oligodendrogliacytes of the area postrema—a brain region which 
is known to be devoid of blood-brain barrier—exhibited pigment 
granules following thallium intoxication. It has been suggested 
that the pigment masses are irreversibly injured lysosomes (tertiary 
lysosomes), which developed under the influence of a specific stress 
on the nervous system (Kerenyi et aU, 1968). Pigment accumu-
lation may be relatabJe to impairment and cell loss, altered 
intercellular relations and ultimately to impairments of sensory, 
associative and motor capacities, frequently cited as the more 
prominent manifestation of old age in man. 
The intimate relationship of the pigment granules with 
mitochondria has been well documented. With increasing age 
mitochondria may undergo a slow degenerative process and antoxi-
dation. It has been asserted (Glees and Hasan, 1976J, that 
mitochondria are the most vulnerable intracellular organelles 
affected in a unitarian way by ageing, disease or stress and leading 
to the deposition of the wear and tear end-product, lipofuscin. 
Normally, and upto a certain capacity, lipofuscin cytosomal 
material is removed at a slow rate as our studies have shown. 
In recent years, significant attempts have been made to decelerate 
physiological ageing by chemical intervention. These attempts 
have been in the form of studies, inter alia of tissue cultures, 
antioxidants, lipofuscin cross-linked inhibitors, hormones and com-
pounds enhancing learning. Lipofuscin appears to be one of the 
morphologically observable end-products of lipid peroxidation. 
Pigment analysis of the brain revealed that hippocampus (Hasan 
and Glees, 1973) and mamillary body (Hasan and Glees, 1974), 
believed to be associated with memory and higher intellectual 
functions, accumulate significant amount of lipofuscin in aged 
animals. On the other hand, hypothalamus is known to play a 
commanding role in the regulation of homeostasis. Glees (1971) 
has drawn attention to the probability that the 'biological clock' 
for ageing of the body may be located in the hypothalamus. This 
hypothesis has been supported by Everitt (1972). It may thus be 
assumed that the life-span of an individual might be dependent 
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upon the number of active hypothalamic neurones. It has beea 
suggested that the age changes in the h\'pothalamus influence the-
mechanism of functional and metabolic changes in ageing (Hasan 
et ol, 1974). Electron microscopy of the neurones of the anterior 
hypothalamus definitely shows significant deposition of lipofuscin 
with advancing age. The hypothalamus is known to play a key 
role in the adaptation of the organism to the environment. Also, 
chemical stress induced by thallium-intoxication was correlated 
with increased deposition of pigment granules. 
Furthermore, in recent years, significant attempts have been 
made to decelerate ageing by chemical intervention. Nandy and 
Bourne (1966) observed that meclofenoxate (centrophenoxinc), a 
drug beneficial in conditions of presenile and senile confusion, 
decreased the amount of brain lipofusoin in aged guinea-pigs. A 
marked elimination of the pigment was noticeable in animals treated 
for 12 weeks. Electron microscope studies conducted by Hasan et 
^K (1974) on the hippocampus, midbrain and the area postrema of 
guinea-pigs and rats following the administration of dimethylami-
noethyl p-chlorophenoxyacetate HCl (80mg./Kg. body wt.) for 30 
to 56 days revealed significant depletion of the pigment. Incorpo-
ration of altered pigment granules in the cytoplasm of 'reactive' or 
phagocytic cells (microglia) has been described. Ultimate partici-
pation of the capillary endothelium has also been demonstrated. 
Also in tissue-culture studies (Spoerri and Glees, 1974) this drug 
has been shown to cause movement of pigment loaded phogocytes 
toward the capillaries. Some other drugs, such as Kavain 
(lOOmg/Kg) and magnesium orotate have been found to inhibit 
lipofuscin formation (Varknoyi et al, 1970). Whether lipofuscin 
is a cause of ageing or a tombstone of an ageing process acting on 
cell membranes, is not disputed by this author (Glees and Hasan, 
1976). But it needs emphasis that lipofuscin removal appears 
important in the context of counteracting ageing, for much useful 
cell territory is progressively occupied by the pigment, is the same 
way as city waste, not being collected and removed, blocks necessary 
traflfic ; the same must be valid for lipofuscin/ceroid in regard to 
intracellular pathways. 
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Finally, pigment granules, lipofuscin/ceroid, whether produced 
by cumulative stress or physiological ageing, are waste-products,, 
the elimination of which iiicreases the efficiency of the cell. 
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EFFECT OF ULTRASOUND ON THE BRAIN 
M Wfotlmtmiai MiiroMstologicftl M4 histochemicM itudy on albino rat. 
Dr. Mahdi Hisan, Aligarh 
Tho increasing use of ultrasound in clinical medicine for locuiiza 
Uon of brain tumours (Jolferson and Hill 1966), in tho early diagnosis 
l»f thromboembolism (Evans 1971) and to produce trackless focal lesions 
in cases of trigeminal neuralgia and Purkinsimism <Busuari aiul Lcie 
1962) merits thorough investigation to elucidate its manifold eli'ccts 
on the brain. 
36 albino rats were wtposed to ultrasound (frequency U2 mega 
Hertz, intensity 1-2 watts per sq. cro.» duration 5-10 minutes). After 
post-irradiation periods varying from 1-21 days, the brains were re-
%ed and cryostat sections were obtained. Oomori Method for the 
demonstration of acid phosphatase activty and Hjorth Simonsen's 
modification of Fink —Heimer procedure U were used. 
Increased acid phosphatase acitivity-as compared to the "normal 
control rats** and libre degeneration in the subcortial white matter were 
the iigniAcant observations. The findings have been discussed in the 
light of the available literature. 
'^ ip '"ted fV JT- tT'p Proree'f''"''S (^ f tlie ^'-'PTntional 
ymf osiutn on /ndustiial Toxicology 
' ucii»iv>w ..oveuiber 4-7,1975 
Effect of Zinc-Intoxication on Different Regions of the Brain 
Plahdi Hasan & Iqbal Ashraf 
Department of Forensic Medicine 
3.N. Medical College 
Aligarh, India 
Zinc has been found in high concentration in hippocampus 
and in the cerebellum. The anatomical localization 
responsible for the zinc-induced lethargy is unclear, 
but a diffuse encephalopathy is a possibility. The 
discovery of zinc in many highly purified enzymes has 
revealed the diversity of its function in protein and 
carbohydrate metabolism. The present report deals uith the 
quantitative estimation of zinc in the hippocampus, 
cerebellum, frontal cortex and medulla oblongata follouing 
the intraperitoneal administration of 5 mg/kg elemental 
zinc (in the form of zinc chloride) for 3 consecutive days 
to albino rats ueighing 100 g. Statistically significant 
increase in the concentration of zinc uas observed in 
the medulla, cerebellum, frontal cortex and hippocampus. 
Copper concentration uas not altered. Quantitative 
estimation of alkaline phosphatase (a zinc-metallo-enzyme) 
revealed significant increase in the zinc-intoxicated rats 
as compared uith the controls. This uas further confirmed 
by Gomori 's histochemical method. Serotonin and 
norepinephrine concentration in the different regions of the 
brain remained unaltered. 
INTRODUCTION 
The current explosion of interest of scientists and 
clinicians in various aspects of zinc metabolism provoked us 
to re-evaluate the current status about the biological 
activity of this metal. The ready reactivity of Zn uith 
negatively charged groups may be pertinent to its 
significance in biology, uhere it is aggregated over other 
elements and is more abundant in the environment. Reports 
of zinc concentration after parental administration of a 
single dose of labelled zinc indicates that brain 
2 
accumulates substantial amounts of the metal. More recently 
SO 
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Hassler and Sorentnark have detnonstratBd by h i s t o c h e m i c a l 
and r a d i o a c t i v e t r a c e r techn iques t h a t h igh c o n c e n t r a t i o n 
4 
oF z i n c occurs i n hippocampus and ce rebe l lum. Hurphy has 
desc r ibed the i n t e r e s t i n g case h i s t o r y o f a 16 year o l d 
I r a n i a n boy uho had i nges ted 12 g o f e lementa l z i n c . He 
s u f f e r e d from unusual l e t h a r g y , l i g h t - h e a d e d n e s s , s l i g h t 
s t a g g e r i n g o f g a i t and d i f f i c u l t y i n u r i t i n g l e g i b l y . 
A l though the exact anatomic l o c a l i z a t i o n o f z i n c - i n d u c e d 
4 
l e t h a r g y uas unc lea r , Hurphy p o s t u l a t e d a d i f f u s e encephalopathy 
as a p o s s i b i l i t y . 
I t i s u e l l - k n o u n t h a t z i nc i s e s s e n t i a l f o r l i f e as 
an i n t e g r a l par t o f a number o f enzymes. I n c r e a s i n g evidence 
a lso suggests t h a t t h i s meta l i s impor tan t i n the s t a b i l i t y 
o f macromolecules, p a r t i c u l a r l y the components o f v a r i o u s 
5 
macromolecules. The d i scovery o f z i n c i n many h i g h l y 
p u r i f i e d enzymes, p a r t i c u l a r l y i n carbon ic anhydrase, a l k a l i n e 
phosphatase, l a c t i c dehydrogenase and a l c o h o l dehydrogenase, 
has revea led the d i v e r s i t y o f i t s f u n c t i o n i n p r o t e i n and 
carbo/ iydra te me tabo l i sm . ' Fur thermore, a number o f r e p o r t s 
h i g h l i g h t z inc rcopper i n t e r r e l a t i o n s h i p , i n p a r t i c u l a r the 
7 9 a n t a g o n i s t i c e f f e c t o f copper on z i nc t o x i c i t y . Recen t l y , 
10 C a l d u e l l e_t c^l. have repo r t ed behav iou ra l impairment 
f o l l o u i n g acute z i n c d e f i c i e n c y i n r a t s . I t u o u l d , t h e r e f o r e , 
be o f i n t e r e s t t o eva lua te the e f f e c t o f z inc i n t o x i c a t i o n 
on p u t a t i v e n e u r o t r a n s m i t t e r s such as no r -ep ineoh r i ne and 
s e r o t o n i n . The aims o f the present i n v e s t i g a t i o n a r e : 
( i ) q u a n t i t a t i v e e s t i m a t i o n o f z i nc and copper l e v e l s i n t\ 
f r o n t a l c o r t e x , hippocampus, cerebe l lum and the Tiedull? 
:he 
C2 
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oblongata of rats Follouing zinc intoxication and to compare 
it uith the normal controls; (ii) quantitative estimation o^ 
alkaline phosphatase levels; (iii) histochemical demonstration 
of alkaline phosphatase in the brain o ^^ zinc administered 
and 'control' group of rats; and (iv) quantitative evaluation 
of nor-epinephrine and serotonin levels in cerebral cortex 
and cerebellum. 
MATERIAL AND HETHOOS 
nale, Charles Foster strain albino rats ueighing 
100-150 g uere used in this study. They uere fed standard 
pellet diet (Hindustan Lever, Pune, India) ad libitum 
and kept under constant diurnal lighting and temperature 
conditions. Five-mg elemental zinc in the form of zinc 
chloride uas administered intraperitoneally daily for 3-5 days 
to the experimental group of animals. The same number of 
control rats uere simultaneously administered equal volumes 
of normal saline intraperitoneally. The animals uere 
divided into the follouing four groups for subsequent analyses: 
Group I: For atomic absorption spectrophotometric estimation 
of zinc and copper in frontal cortex, hippocampus, cerebellum 
and medulla oblongata (experimental group 10 rats, control 
group ID rats). 
Group II: Quantitative estimation of alkaline phosphatase in 
cerebrum, cerebellum and medulla oblongata. 
Group III: Histochemical demonstration of alkaline phosphataae. 
Group 1\I: Quantitative estimation of serotonin and nor-
epinephrine levels in cerebrum, cerebellum and medulla 
oblongata. 
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All glassware used uas soaked in 10 per cent nitric 
acid and rinsed uith deionized uater to avoid contamination 
uith metals. , 
The animals uere killed by decapitation of tuo at a 
time - one experimental and one control, and the brains 
uere removed immediately and uiped free of adhering blood. 
The different regions uere dissected out carefully and 
ueighed separately. During the dissection and subsequent 
chemical manipulation caie uas taken to minimize contamination 
uith extraneous zinc. Thus, the brains uere removed uith 
the leptomeninges intact and transferred to a glass dish. 
The outer surface of the brain uas then uashed uith de-ionized 
uater, the leptomeninges stripped from the cortical areas 
to be examined, and the required pieces of brain uere 
dissected out uith stainless steel instruments. 
Group I: Frontal cortex, hippocampus, cerebellum and medulla 
oblongata of the experimental and control group of rats uere 
simultaneously digested in 5 ml acid mixture containing 
concentrated nitric acid and sulphuric acid in the ratio of 
4:1. After complete digestion the volume uas made upto 
5 ml uith 1 per cent HCl. 
Petals in this solution uere estimated by a Perkin -
Elmer model 303 atomic absorption spectrophotometer equipped 
uith Boling burner and "null" read out accessory. Compressed 
air as oxidant and acetylene as fuel uas used. Readings 
uere taken at 324.7 m ja for copper and 213.9 m ^u for zinc using 
single element hollou cathode lamps of resnective elements. 
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Group II '• For the quantitative estimation of alkaline 
phosphatase, the cerebral hemispheres, cerebellum and medulla 
oblongata uere dissected out, weighed separately and grouped 
uith pestle and mortar in 5 ml of cold double-distilled 
water. Quantitative estimation of alkaline phosphatase uas 
11 
carried out as recommended by Uooton. All chemicals used 
uere of research grade purity and uere obtained either from 
B.D.H. or E. Merck. 
Group I I I : For h i s t o c h e m i c a l demons t ra t ion o f a l k a l i n e 
phosphatase, the b ra ins uere f rozen immed ia te ly a f t e r removal 
on the c r y o s t a t chuck (Kryotome 1310 K, Earnest L e i t z -
U.Germany) and 10-15 micrometer s e c t i o n s uere o b t a i n e d . They 
uere i ncuba ted f o r t h ree hours at 37°C i n the s u b s t r a t e 
12 s o l u t i o n accord ing t o Gomori. The s e c t i o n s uere examined by 
o r t h o p l a n l a r g e f i e l d microscope ( L e i t z ) and s u i t a b l e reg ions 
photographed by or thomat U . ( L e i t z ) camera. 
Group lU: The t i s s u e s uere homogenized u i t h 2 ml of 0,01 N HCl. 
The aqueous homogenate uas shaken u i t h 20 ml bu tano l and 
2-3 g NaCl (shaken f o r 15 min then c e n t r i f u g e d f o r 5 minutes 
at 1000 rpm) . The bu tano l l aye r uas removed and shaken u i t h 
n-heptane and 1.5 cc o f phosphate b u f f e r (pH 6 . 5 ) . The 
aqueous l a y e r uas used f o r the e s t i m a t i o n o f 5-HT and 
13 n o r - e p i n e p h r i n e by the methods o f Udenf r iend e_t ^ . and 
14 Crout r e s p e c t i v e l y . 
RESULTS 
Q u a n t i t a t i o n o f Z inc i n D i f f e r e n t Bra in Areas 
I n the c o n t r o l group o f rat<? the f r o n t a l co r tex 
(neocor tex ) con ta ined the maximum nmount o f z i n c f o l l o u e d 
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by medulla, hippocampus and cerebellum (Fig, 1). After the 
administration of 5 mg elemental zinc per kg of body ueight 
for 3-5 days, the medulla oblongata shoued the maximum 
concentration of zinc Folloued by cerebellum, cerebral cortex 
and the hippocampus (Fig. l). 
Levels of Copper 
The maximum concentration of copper in the 'control' 
group uas detected in the cerebral cortex, closely folloued 
by medulla, hippocampus and the cerebellum. Statistically 
significant increase in the copper level (P<0.01) uas 
discernible only in the cerebellum after 3-5 days of 
administering 5 mg elemental zinc (Fig. 2). In the 
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Fig. 1 Histogram showing l e v e l of Zn in fhe c o n t r o l nnd 
exper imenta l qroups (5 mg/kg 2n i . p . ) of r a t s 
hippocampus the copper l e v e l uas decreased a f t e r n iv ing 
z inc uhereas i n the c e r e b r a l cor tex md medulla i t s e l e v n t i n n 
uas s t a t i s t i c a l l y i n s i g n i f i c a n t ( t = 0.5 For c e r e b m l co r t ex 
and 0.67 for medu l l a ) . 
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Fig. 2 Histogram shouing Cu levels in the different 
regions of the brain 
Level of Alkaline Phosphatase 
Whereas in the cerebral cortex the level of alkaline 
phosphatase uas almost doubled after five days of zinc 
administration (5 mg/kg), the cerebellar alkaline phosphatase 
shoued only marginal increase (Fig. 3). 
LEVEL OF ALKALINE 
PHOSPHATASE 
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A 
CEREBRAL-CORTEX CEREBELLUM 
Fig. 3 Histogram shouing the level of alkaline phosphatase 
Histochemical Demtanstration of Alkaline Phosphatase 
As compared to the normal control (Fig. 4) the cerebrum, 
particularly the hippocampus (Fig. 5) shoued characteristic 
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Fig. 4 Photomicrograph of the hippocampus of the control 
rat shouing the enzyme alkaline phosphatase 
— (Gomori technique) x 250 
?"' ,-._* T«»*v» 
> ^ 
Fig. 5 Photomicrograph of the rat hippocamous exh ib i t i ng 
increased a lka l ine phosphatase react ion i n the 
z inc - in tox ica ted group of rats x 250 
d i s t r i b u t i o n of a lka l ine phosphatase. I n the experimental 
group (5 mg/kg zinc i . p . ) uell-marked macrogranular 
deposi t ion of a lka l ine phosphatase u/as d iscern ib le (F ig . 6 ) . 
Evaluation of Serotonin and Nor-epinephrine 
The leve l o f serotonin uas almost doubled i n the 
iMp iu l la oblongata t}f the experimental group o f animals but 
w 
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F i g . 6 Photomicrograph o f the f r o n t a l co r t ex o f the 
z i n c - i n t o x i c a t e d r a t . Note the macroqranular 
d e p o s i t i o n o f a l k a l i n e phosphatase x 400 
i n the c e r e b r a l co r tex and cerebe l lum i t e x h i b i t e d a f a l l 
( F i g . 7 ) . S i m i l a r l y the no r -ep ineph r i ne l e v e l uas markedly 
i nc reased i n the medul la ob longata but remained almost 
u n a l t e r e d i n c e r e b r a l co r tex ( F i g . 8 ) . S t a t i s t i c a l a n a l y s i s , 
houever , revea led these r e s u l t s t o be i n s i g n i f i c a n t . 
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NOR-EPINEPHRINE 
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Fig. 8 Histogram showing nor-epinephrine level 
DISCUSSION 
Determination of the concentration of ions by atomic 
absorption spectrophotometry has proved to be a very sensitive 
and accurate method of multiple estimation of ions in small 
15 
samples of brain tissue. The steadily increasing contamination 
of environment uith toxic substances has provoked major public 
concern and recently stimulated broader research activities 
searching for more detailed data concerning the basic 
mechanism of the effects of these toxic substances in the 
organism at both the cellular and subcellular levels. The 
potential of zinc as a health hazard to man and animals is 
uell documented.' Zinc binds to a number of proteins reflcting 
uith 'thiols' (cysteine) and then uith imidazole groups^ "^  
Furthermore, alphaj macroq] nb.Oi"^  has been suggested as a 
1 8 transport protein for zinc. 
The present investigation has shoun that zinc occurs 
in higher concentration in the medulla oblongata than in the 
hippocampus and shous a more significant increase in the 
^ j T i i ^ \ 
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former uhen 5 mg/kg e lementa l z i n c i s a d m i n i s t e r e d fo r 3 to 5 
days. Th is obse rva t i on might o f f e r an e x p l a n a t i o n fo r the 
d rous iness and c loud ing o f consciousness r e p o r t e d by Plurphy 
i n the case o f an a c c i d e n t a l z i n c i n t o x i c a t i o n . The b r a i n 
stem r e t i c u l a r f o rma t ion could u e l l be depressed by the 
accumula t ion o f z i n c i n the medul la ob longa ta . No comparable 
s tudy o f the e f f e c t o f z i n c i n t o x i c a t i o n on the medul la 
ob longa ta i s known t o us . Hass ler and Sorenmark have 
i n v e s t i g a t e d z i n c c o n c e n t r a t i o n i n the hippocampus and 
ce rebe l l um o n l y , us ing au to rad iog raph i c t e c h n i q u e . Chemical 
a n a l y s i s o f the r a b b i t b r a i n has shoun s l i g h t l y h igher 
c o n c e n t r a t i o n o f z inc i n the hippocampus than i n the cerebe l lum 
the c e r e b r a l co r t ex or the m i d b r a i n . 
Z inc i s knoun to d i sp lace copper from s e v e r a l copper-
17 dependent enzymes both i j l v i v o and i j i v i t r o . I n g e n e r a l , 
t he re i s an i nve r se r e l a t i o n s h i p between the l e v e l s o f copper 
g 
and* Z i n c . The f a l l i n copper l e v e l o f the hippocampus 
f o l l o u i n g z i n c i n t o x i c a t i o n i n the present s tudy can thus 
be e x p l a i n e d . The s t a t i s t i c a l l y s i g n i f i c a n t i nc rease i n the 
copper l e v e l (P< O.Ol) i n the ce rebe l l um i s , however, 
d i f f i c u l t t o account f o r . I t i s thus ev iden t t h a t the z i n c -
copper antagonism i s not u n i v e r s a l i n the d i f f e r e n t reg ions o f 
the r a t b r a i n . The mechanism o f z i n c - c o p p e r antagonism i s 
s t i l l p o o r l y unders tood. Zinc i s an i n t e g r a l pa r t o f many 
enzyma systems. A l k a l i n e phosphatase o f porc ine k idney 
c o n t a i n s 0.15 per cent m e t a l l i c z i n c . Fur thermore, the 
enzyme con ta i ns 4 g - atoms o f z i n c / m o l e o f n ro tR in?^ I t was, 
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t h e r e f o r e , c o n t e m p l a t e d t o i n v e s t i g a t e t h e e f f e c t o f z i n c 
i n t o x i c a t i o n on a l k a l i n e p h o s p h a t a s e c o n t e n t o f d i f f e r e n t 
r e g i o n s o f t h e r a t b r a i n . Q u a n t i t a t i v e b i o c h e m i c a l and 
h i s t o c h e m i c a l t e c h n i q u e s d e m o n s t r a t e d an i n c r e a s e i n t h e 
l e v e l o f t h i s enzyme i n e x p e r i m e n t a l r a t s . An i n d i r e c t 
i 21 
, s u p p o r t t o t h i s f i n d i n g has been g i v e n by Prasad e[t_ a l . 
uho showed t h a t i n z i n c d e f i c i e n t r a t s and young p i g s , t h e 
a c t i v i t i e s o f v a r i o u s z i n c - d e p e n d e n t enzymes ( j u d g e d by 
h i s t o c h e m i c a l t e c h n i q u e s ) u e r e r e d u c e d i n c o m p a r i s o n t o 
t h e i r p a i r - f e d c o n t r o l s . On t h e o t h e r h a n d , Huber and 
' G e r s h o f f have o b s e r v e d d e p r e s s e d c a r b o n i c a n h y d r a s e a c t i v i t y 
and i n c r e a s e d a l k a l i n e p h o s p h a t a s e i n t h e t i s s u e s o f r a t s 
f e d h i g h z i n c d i e t s . 
22 R e c e n t l y , M i c h a e l s o n and S a u e r h o f f , i n v e s t i g a t i n g 
t h e e f f e c t o f c h r o n i c a l l y i n g e s t e d l e a d , have n o t e d t h a t 
t h e i n h i b i t i o n o f monoamine o x i d a s e o r p a r t i a l d e p l e t i o n 
o f s e r o t o n i n and n o r - e p i n e p h r i n e d i d n o t a l t e r t h e 
c o n c e n t r a t i o n o f Fe, Cu, Zn o r Mn i n b r a i n . The r e s u l t s o f 
t h e p r e s e n t s t u d y i n d i c a t e t h a t t h e a p p a r e n t i n c r e a s e i n t h e 
l e v e l s o f s e r o t o n i n and n o r - e p i n e p h r i n e o b s e r v e d i n t h e 
m e d u l l a o b l o n g a t a uas n o t s i g n i f i c a n t on s t a t i s t i c a l 
a n a l y s i s . 
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DISCUSSION 
l*l.S. S a s t r y : Uhat i n y o u r m e d i c o l e g a l o p i n i o n i s t h e 
base l i n e f o r c o n s i d e r i n g c l i n i c a l o r 
s u b c l i n i c a l cases o f z i n c p o i s o n i n g ? 
The v a r i o u s r e g i o n s o f b T a i n u o u l d s e r v e 
c o n f i r m a t o r y e v i d e n c e a t a u t o p s y . 
Uhat a re t h e o t h e r b i o l o g i c a l m a t e r i a l 
t h a t can be c o n s i d e r e d ? 
f l a h d i Hasan : Ue have doneonly t h e e x p e r i m e n t a l u o r k . 
C .P . T e u a r i : Uhat i s t h e mechanism f o r t h e o b s e r v e d 
i n c r e a s e i n t h e a c t i v i t y o f t h e 
e n z y m e ( s ) ? 
Plahdi Hasan : The mechanism i s n o t w e l l known . 
Effect of Manganese Administration on Morphology and 
Enzymes of Brain in Iron Deficient Rats 
Satya U. Chandra & G.S. Shukla 
Industrial Toxicology Research Centre 
Lucknou, India 
The neurotoxic effects of manganese uere studied in iron 
deficient rats. Morphological alterations in the form of 
interstitial oedema and swelling of astrocytes in the 
cerebral cortex uere observed after daily intraoeritoneal 
administration of manganese chloride (15 mg/kg) for 15 days 
to the rats maintained on iron deficient diet. The 
activity of succinic dehydrogenase, acetylcholine esterase, 
acid and alkaline phosphatases significantly decreased 
while the activity of I*1A0 increased in the brain tissue of 
these rats as compared to their counterpart controls. The 
content of manganese also increased significantly in 
manganese treated iron deficient rats. These findings 
suggest that iron deficiency, in uorkers exposed to 
manganese dust or fumes, may be one of the factors 
responsible for making them susceptible to manganese poisoning. 
INTRODUCTION 
A previo"us report from this laboratory has shoun that 
deficiency of iron leads to an increased accumulation of 
manganese in the liver, kidney and testis. Histopathological 
changes uere also more marked in the liver and kidney of iron 
1 
deficient rats. The aim of the present uork uas to study 
pathological and enzymatic alterations in brain after 
manganese administration in iron deficient rats. These 
changes have been correlated with the amount of manganese 
present in this tissue. 
rOATERIAL AND flETHODS 
ITRC bred male albino rats (130 g ut) uere allocated 
at random to four groups. The diet and the treatment given 
to the rats are shoun in Table 1. Groups I and II having 
Acta Pharmacol, et toxical. 1978, 43, 169-173. 
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Levels of Dopamine, Norepinephrine and 5-
Hydroxytryptamine in Different Regions of the Rat Brain in 
Thallium Toxicosis 
By 
Mahdi Hasan, S. Fatehyab Ali and M. Tariq* 
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Abstract: The levels of dopamine, noradrenaline and S-hydroxytryptamine were estimated in the 
hypothalamus and limbic areas, corpus striatum, cerebellum and the brain-stem of rats administered 
thallous acetate (5 mg/kg i.p.) daily for 7 days. Significant decreases in the concentration of dopamine 
occurred in the hypothalamus, limbic areas and corpus striatum. Noradrenaline did not reveal signific-
ant alteration in any of the regions of the brain examined. The concentration of 5-hydroxytryptamine 
was significantly lowered in the corpus striatum, cerebellum and the brain-stem. 
Key-words: Thallium acetate 
rat brain. 
dopamine -norepinephrine - 5-hydroxytryptamine - regional levels • 
The initial symptoms of thallium intoxication 
are frequently neurological and include dyses-
thesia, neuropathy, chorea, athetosis, excite-
ment, sleeplessness, tremors, convulsions, 
mental aberrations, hysterical laughter, motor 
weakness^ nerve palsies and coma (Bank et at. 
1972; Reed et al. 1963). Although this heavy 
metal is accumulative poison of high toxicity, its 
pathophysiology is not yet clearly understood 
(Cavanagh et al. 1974). Starke et al. (1969) 
showed that catecholamine metabolism was 
normal in rats given thalHum; however the ATP 
* Postgraduate Research Laboratory, A.K. 
Tibbiya College, A.M.U. Aligarh. 
ases of aminestoring granules from bovine ad-
renal medulla were inhibited by Tl*** (Burger 
St. Starke, 1969). If T l * was oxidized to Tl*** 
in the organism, this inhibition could be re-
sponsible for altered catecholamine metabolism 
in thallium intoxication, but this has not yet 
been demonstrated in man (Bank et al. 1972). 
Interestingly, treatment of choreiform sequelae 
of thallitoxicosis by levodopa has recently been 
described by Patterson (1975). It would, there-
fore, be of interest to investigate the effect of 
thallium intoxication on the levels of dopamine, 
noradrenaline and 5-hydroxytryptamine in the 
hypothalamus and limbic areas, corpus 
striatum, brain stem and cerebellum of the rat. 
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Materials and Methods 
Animals: Male albino rats (Charles Foster Strain) 
weighing 150-200 g were used. The animals were fed 
pellet diet (Hindustan Lever Ltd., India) and water ad 
libitum. They were divided into two groups of 15 
(Group 1 - experimental) and 10 (Group 2 -control) 
respectively. 
Thallium Administration: Thallous acetate and 
other chemicals of analar grade were obtained from 
B.D.H. (England). Thallous acetate, dissolved in 
distilled water, was injected intraperitoneally daily 
for one week in the rats (5 mg/kg) of experimental 
group. The total dose administered was 35 mg thal-
lium/kg, corresponding to the LD50 dose of Brewer & 
Haggerty (1958). The control group was treated in a 
similar manner with equal volumes of sodium acetate 
solution of the same molar concentration. 
Removal of Brain: The rats were sacrificed by de-
capitation, the brains were removed within 15-20 
sec. and their hypothalamus and limbic areas (Gyrus 
cinguli, hippocampus and orbito-temporo-insular 
cortex), corpus striatum, brain stem and cerebellum 
were rapidly dissected out in a cold room at a temper-
ature of 14±2°. They were weighed to the nearest 
milligram on a single pan electrical balance (100-500 
mg) and separately homogenized. Glass stoppered 
bottles sized 30, 60 and 125 ml were used in the 
solvent extraction procedure. 
Extraction: Extraction of all these compounds was 
done by the method of Welch & Welch (1969) except 
that the time for shaking at each solvent extraction 
was increased to 20 min. The temperature throughout 
these operations ranged between 10° and 15°. 
All the reagents used were of analytical grade. 
Stock solutions of dopamine, noradrenaline and 5-
HT were prepared in 0.01 N-HCl and stored in the 
deep freeze. They were finally diluted to give a con-
centration of 1 (Jig/ml. A 20 per cent homogenate of 
the different regions of the brain was prepared in cold 
0.01 N-HCl to which 0.1 ml of 10% EDTA was 
added. Three millilitre of homogenate in each case 
was added to 25 ml n-butanol in a 60 ml glass stop-
pered bottle containing 4 g NaCl. The bottles were 
shaken for 20 min. on a reciprocating shaker at about 
250 excursions per min. and centrifuged at 3000 rpm 
for 8 min. in the cold. The butanol (24 ml) was 
decanted into a 125 ml glass-stoppered bottle con-
taining 40 ml n-heptane; 1.5 ml of 0.5 M pH 7.3 
phosphate buffer. The bottles were shaken again for 
20 min. and centrifuged at 2000 rpm for 8 min. in the 
cold. At this stage, it was important that the pH of the 
phosphate buffer was not allowed to drop below 7.0. 
Phosphate buffer (1.5 ml), which increased slightly 
in volume due to water driven from the butanol phase 
after the addition of heptane, was transferred to a 
clean 30 ml bottle and acidified with 3 N-HCl to pH 
3.5-4.0. Thereafter, 20 ml of peroxide-free ether was 
added and the bottles were shaken for 20 min. and 
centrifuged in the cold. Three 0.5 ml aliquots of the 
acid-aqueous layer were taken directly from the bot-
tom of the ether extraction bottles with a 0.5 ml vol-
umetric pipette and were refrigerated for the estima-
tion of NA, DA and 5-HT. 5-hydroxytryptamine was 
estimated on the same day, whereas dopamine and 
noradrenaline were estimated on the following day. 
Recovery experiments were performed taking the 
known standards of the compounds in 3.0 ml of 0.01 
N-HCl and then carrying out all the earlier men-
tioned steps. 
Fluorometric analysis. All these compounds were 
analysed using the method of Welch & Welch 
(1969). Fluorescence was measured in a Turner Mod-
el 430 Spectrophotofluorometer (G.K. Turner As-
sociation U.S.A.). 
5-Hydroxytryptamine. - To each of the 0.5 ml 
samples, obtained in the extraction procedure, was 
added 1.5 ml of 6-N-HCl. One sample was acidified 
at a time and its fluorescence was read at 295/535 nm 
promptly. 
Norepinephrine. - To the 0.5 ml samples of the 
extract collected in small test tubes, the following 
reagents were added in order: 0.5 ml (2 M, pH 6.8) 
acetate buffer; 0.1 ml 0.1 N iodine solution; 0.15 ml 
0.1 N sodium thiosulphate and 0.2 ml alkaline ascor-
bic acid/ethylene diamine solution. The test tube rack 
was placed under a fluorescent desk lamp with the 
tops of the tubes positioned about 5-10 mm. 
Fluorescence was read at 4(X)/510 run within 35 min. 
Dopamine. - To the 0.5 ml sample, the following 
reagents were added, at 5 min. intervals: 0.5 ml (2M, 
pH 6.8) acetate buffer; 0.1 ml 0.1 N iodine solution; 
0.2 ml alkaline sodium sulphite/EDTA solution and 
0.25 ml 1 : 1 glacial acetic acid/concentrated HCl. 
All the test tubes were placed in a boiling water bath 
for 45 min., after which they were allowed to cool at 
room temperature before reading. The fluorescence 
was read at 335/380 nm within oneht. after develop-
ment. 
Statistical analysis. The data were analysed statis-
tically using Student's "t" test and significant differ-
ences between the means of the treated and the con-
trol groups and the "p" values calculated. 
Results 
Following the administration of thallous acetate 
to rats, signs such as irritability, ataxia and at 
times convulsions were observed. After 5 days 
the rats usually became lethargic and the motor 
activity was considerably diminished. Five rats 
belonging to group 1 died during the experi-
ment. Table 1 shows recoveries of dopamine, 
noradrenaline and 5-hydroxytryptamine. The 
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Table 1 
Representative recoveries of dopamine, norepinephrine and 5-HT 
171 
Compound Amount taken 
lis 
Amount recovered 
eg 
% Recovery 
Dopamine 
Norepinephrine 
5-HT 
0.2 
0.1 
0.2 
0.144=± 0.003 
0.085°± 0.007 
0.156^ ± 0.008 
72 
85 
78 
a Mean ± S.E.is based upon 10 samples 
concentrations of dopamine, norepinephrine 
and 5-HT in experimental thallium toxicity are 
given in Table 2. Significant reduction in the 
levels of dopamine was observed in the 
hypothalamus, limbic areas (P < 0.05) and the 
corpus striatum (P< 0.01). Noradrenaline con-
centration showed no significant alteration in 
any of the regions investigated in the present 
study. But the levels of 5-HT showed signific-
ant diminution in the corpus striatum (p < 
0.001), brain-stem (P < 0.001) and cerebellum 
(P < 0.05). 
Discufssion 
The administration of thallous acetate (5 mg/kg) 
for one week to rats resulted in a significant fall 
in the levels of dopamine in the hypothalamus, 
limbic areas and corpus striatum; and that of the 
5-HT in the corpus striatum, brain-stem and 
cerebellum. The concentration of noradrenaline 
did not alter in thallium-intoxicated rats as com-
pared to controls. Regional heterogeneity was 
apparent in the thallium-induced reduction of 
dopamine and 5-HT levels. The present investi-
gation was carried out in four different regions 
of the brain to reveal regional characteristics of 
thallium toxicity. It is of interest that Freeman 
& Giarman (1962) and Schanberg & Giarman 
(1962) have emphasized the point that these 
levels reflected the net result of a number of 
component processes. Changes in the level of 
brain dopamine are known to be associated with 
certain motor dysfunctions (Homykiewicz 
1966). Moreover Freed et al. (1976) have 
shown a marked lowering of the dopamine level 
of the corpus striatum after Mipafax toxicosis. 
The fall in the dopamine concentration of cor-
pus striatum observed in this study is of particu-
lar interest in view of the beneficial effect of 
levodopa reported by Patterson (1975) in cases 
of choreiform sequelae of thallitoxicosis. On 
the other hand, Buschke & Peiser (1.922) have 
highlighted the endocrine and autonomic dis-
turbances caused by thallium. Moreover Prick 
et al. (1955) described mesodiencephalic dis-
turbances due to thallium intoxication. They ex-
plained the occurrence of sleep disturbances, 
diabetes insipidus and Korsakow's symptom 
complex observed in cases of thallium poison-
ing as being due to the involvement of auton-
omic zones. The lowering of dopamine levels in 
the hypothalamus and limbic areas thus substan-
tiates the reported clinical observations. A con-
siderable body of anatomical, pharmacological 
and neurophysiological evidence links central 
serotonergic mechanisms to the regulation of 
such diverse functions as sleep and body temp-
erature, as well as to the pathophysiology of 
human disturbance ranging from schizophrenia 
to Parkinsonism (Chase 1974). It is of interest 
to note that significant lowering of 5-
hydroxytryptamine concentrations occurred in 
the corpus striatum, brain-stem and cerebellum. 
From our investigations it may, therefore, be 
suggested that there is a significant disturbance 
in the turn-over of dopamine and 5-
hydroxytryptamine in different regions of the 
rat brain, the mechanism of which requires 
further investigations. 
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Dopamine, norepinephrine and S-hydroxytryptamine concen-
trations were estimated in cerebral cortex, basal ganglia, cere-
beUum and brain stem of rats administered cobalt acetate (2 mg/ 
kg, ip) daily for 7 days. Significant lowering in the concentration 
of dopamine occurred in basal ganglia, cerebellum and brain 
stem. Norepinephrine level was significantly reduced in the basal 
ganglia alone. The concentration of 5-hydroxytryptamuie was 
significantly decreased in cerebral cortex, basal ganglia and 
brain stem. 
"DECENTLY the spread of cobalt ions from 
• '^ cobalt-induced epileptic foci in rat has been 
investigated, using atomic absorption spectrophoto-
meter and heavy metal histochemistry^. It has been 
shown that Co ion spreads very widely from the 
focus. The basis for cobalt induced epilepsy pro-
bably lies in a certain selectivity of cells, terminals 
and enzymes to the toxic effects of this ion in vivo. 
Interestingly, Co salts have also been used to trace 
axonal pathways*. Heyroth* demonstrated that 2% 
of the Co in the diet of rats caused death within 5 
or 6 weeks. Sesame and Boyd^  described that the 
Co chloride and salts of other divalent metals 
could alter the disposition of certain toxic alkylating 
drug metabolites not only by decreasing the rate of 
formation of the reactive metabolite but also 
by increasing the amount of glutathion (GSH) 
available for the formation of the less reactive and 
less toxic GSH conjugates. In experimental Co 
intoxication so far, there is no report on its effect on 
the levels of neurotransmitter in the different regions 
of the brain. Therefore, it would be of interest to 
evaluate the effects of Co on the levels of catecho-
lamines and 5-HT in the cerebral cortex, basal 
ganglia, cerebellum and brain stem. 
The animals in all experiments were male adult 
hooded rats of Charles Foster Strain weighing (160± 
20 g). They received pellet diet (Hind Lever Labo-
ratory Feeds, India) and water ad libitum. They 
were divided into 2 groups of 8 rats each. Cobalt 
acetate dissolved in distilled water was administered 
at the dose of 2 mg elemental Co/kg body wt, ip 
daily for 7 day to group 1. Group 2 served as control 
and was treated in a similar manner with equal vol. 
of sodium acetate solution of the same molar cone, 
ip concurrently. 
The animals were decapitated after 24 hr of the 
last injection at about 10.30 a.m. and their cerebral 
cortex, basal ganglia (corpus striatum and thalamus), 
cerebellum and brain stem were rapidly dissected out 
in a cold room (20° ± 2°C). They were weighed 
to the nearest milhgram on a single pan electrical 
balance (100—300 mg) and separately homogenized 
in 3 ml of coldO.OliV HCl. 
Estimations of catecholamines and 5-HT were done 
by the method of Welch and Welch* except that the 
time for shaking at each solvent extraction was 
increased to 20 min. The temperature throughout 
these operation ranged between 15° and 20°C. 
Stock solutions of dopamine, norepinephrine and 
5-HT were prepared in O.OliV HCl and stored in 
the deep freeze. They were finally diluted to give 
a cone, of 1 /itg/ml. For recovery experiment, we 
have taken the known standards of the compounds 
in 3 ml of O.OW HCl and then carried out all 
the steps which we performed incase of homogenates. 
Fluorescence was measured in an Aminco-Bowman 
Spectrophotofluorometer (American Instrument Co., 
Silver Spring, Md). 
The data were analysed statistically using Student's 
't' test. 
Following the administration of Co acetate, signs 
of irritabihty and restlessness were observed. General 
condition of the rats remained normal. Rats of the 
control group did not show any abnormality. 
Recoveries of dopamine, norepinephrine and 5-HT 
were 72, 85 and 78% respectively. The concen-
tration of dopamine, norepinephrine and 5-HT 
after administration of cobalt in different regions of 
the rat brain are represented in Table 1. Significant 
depletion in the levels of dopamine was observed in 
ihe basal ganglia (P < 0.001), cerebellum (P < 0.05) 
and brain stem (P < 0 05). Norepinephrine concen-
tration was significantly decreased only in the basal 
ganglia (P < 0.05) whereas, in other regions of the 
brain, the depletion was not statistically significant. 
The levels of 5-HT were significantly diminished in 
the cerebral cortex, basal ganglia and brain stem 
(P < 0.01). 
The present investigation indicates that the adminis-
tration of cobalt acetate (2 mg/kg) for 1 week to rats 
resulted in a significant fall in the levels of dopamine 
in the basal ganglia, cerebellum and brain stem; 
norepinephrine in the basal ganglia; and that of 
the 5-HT in the cerebral cortex, basal ganglia and 
brain stem. These findings also show a regional 
heterogeneity in the levels of DA, NE and 5-HT. 
Changes in the levels of dopamine are known to be 
associated with certain motor dysfunctions'. More-
over, Freed and associates* have shown a marked 
lowering of the dopamine level of the corpus striatum 
after mipafox toxicosis. Mustafa and Chandra* 
reported that the levels of dopamine and norepine-
phrine significantly decreased in whole brain of the 
rabbit in chronic manganese toxicity. The lowering 
of dopamine and norepinephrine in manganese 
toxicosis may be due either to blocking of the 
enzyme L-DOPA decarboxylase or L-tyrosine hydro-
xylase .^ In our experiment after the administration 
of cobalt the levels of dopamine and norepinephrine 
were significantly decreased. Interestingly, a number 
of investigations^**'" have emphasized that these 
levels reflected the net result of numerous compo-
i.: J 
TABLE 1 -— DA, NE AND 5-HT LEVELS IN DIFFERENT REGIONS OF THE RAT BRAIN AFTER COBALT (2 mg/kg body wt, ip) 
INJECTION DAILY FOR 7 DAYS 
[Values, expressed as (tg/g fresh tissue, are mean ± SE. Eight animals were used in each group. Figures in parentheses 
indicate per cent change from control] 
Monoamines 
Dopamine 
Norapinephrine 
5-HT 
Cerebral cortex 
Control 
0.442 
±0.052 
0.617 
±0.093 
0.343 
±0.056 
Expl 
0.452 
±0.061 
(+1.8) 
0.525 
±0.076 
(-15) 
0.153» 
±0.019 
(-56) 
Basal ganglia 
Control 
0.679 
±0.088 
0.809 
±0.084 
0.445 
±0.017 
Expl 
0.341e 
±0.048 
(-56) 
0.503* 
±0.072 
(-38) 
0.145« 
±0.020 
(-68) 
Cerebellum 
Control 
0.384 
±0.039 
0.588 
±0.079 
0.275 
±0.023 
Expl 
0.303« 
±0.037 
(-22) 
0.616 
±0.091 (+4) 
0.279 
±0.031 
(+4) 
Brain stem 
Control 
0.519 
±0.080 
0.393 
±0.059 
0.319 
±0.048 
Expl 
0.382i> 
±0.041 
(-27) 
0.411 
±0.068 
( -4) 
0.127" 
±0.016 
( -4) 
P values : ''<0.05; «'<0.01; •<0.001. 
nent processes, perhaps either by increasing syn-
thesis or decreasing breakdown. Even these processes 
could be the results of a number of complex mecha-
nisms, factors such as uptake and reuptake, 
btnding'^ '^^ * blocking and release, enhanced or 
diminished neural activity. A considerable body of 
anatomic, pharmacologic and neurophysiologic 
evidence links central serotonergic mechanisms to 
.the regulation of such diverse functions as sleep and 
•body temperature as well as to the pathophysiology 
of human iUness ranging from schizophrenia to 
-parkinsonism^*. It is of interest to note that in 
our study significant lowering of 5-HT concentra-
/tion occurred in the cerebral cortex and basal gan-
glia. Recently Hasan et al}^ have shown that 
[the levels of dopamine, norepinephrine and 5-HT 
decreased in different regions of the rat brain after 
the administration of thaUium acetate for 1 week 
to the albino rats. These results find a parallel 
in our observation, showing the significant deple-
tion of dopamine, norepinephrine and 5-HT in 
different regions of the rat brain. 
We suggest that there is a significant disturbance 
in the turnover of dopamine norepinephrine and 
5-HT in different regions of the rat brain following 
cobalt administration, the mechanisms of which 
require further investigation. 
Thanks are due to Shri Perwaiz Ahmad for 
technical assistance and to CSIR New Delhi for 
awarding a research fellowship to one of us (SFA). 
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Effect of Nickel on the Levels of Dopamine, Noradrenaline and Serotonin 
in Different Regions of the Rat Brain 
By 
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Health hazards due to the exposure of nickel 
vapours and its compounds such as nickel carbonyl 
are well recognized among industrial workers (Doll 
1958, Mastromatteo 1967, Fisher 1968, Browning 
1969,Vuopalae?a/ 1970) Caujolle& Canal (1942) 
demonstrated that the 10-20 mg/kg intravenous 
injection of nickel to dogs was lethal, affecting 
respiratory and cardiac nerve centers But the 
mechanism of intoxication of nickel is not yet 
completely understood (Heyroth 1970) In experi-
mental nickel intoxication, so far, there are no 
report on its effect on the levels of neurotrans-
mitters such as dopamine, noradrenaline and sero-
tonin in different regions of the rat brain It would, 
therefore, be of particular interest to evaluate the 
toxic effect of nickel on the levels of catecholamines 
and serotonin in the cerebral cortex and basal 
ganglia of the hooded rat 
Male, hooded rats weighing 160 ± 20 g were used 
They received pellet diet (Hindustan Lever Labora-
tory Feeds, India) and water ad libitum and were 
kept in an air-conditioned room They were divided 
into three groups Nickel chloride, dissolved in 
distilled water, was administered at the dose of 2 
mg elemental nickel/kg body weight intraperitone-
ally daily for 7 days to group 1 and 2 Group 3 
served control and was concurrently injected with 
equal volume of physiological saline 
The animals were decapitated after seven days 
and the cerebral cortex and basal ganglia of the 
experimental and control group of rats were simul-
taneously dissected according to the method of 
Glowinski & Iversen (1966) Caudate nucleus, 
lentiform nucleus and thalamus were obtained 
from a block of tissue, the rostral boundary of 
which was a preceding cut which removed the 
frontal poles, the caudal boundary was formed by a 
transverse cut through the brain at the level of the 
caudal end of the thalamus Thus the caudate, 
lentiform and thalamic nuclei were included in the 
block of tissue labelled as basal ganglia The 
frontal, parietal, occipital and temporal cortex was 
then carefully dissected leaving out meticulously 
the subjacent white matter The rhinencephalic 
limbic cortex thus formed part of the sample 
labelled as the cerebral cortex Tissue samples were 
digested in 5 ml acid mixture containing concen-
trated nitric acid and sulphuric acid in the ratio of 
4 1 After complete digestion the volume was made 
up to 5 ml with 1 per cent HCl Nickel content in 
this solution was estimated by a Perkin-Elmer 
model 303 atomic absorption spectrophotometer 
at 232 nm equipped with Boling burner and zero 
read out accessory Compressed air and acetylene 
were used as oxidant and fuel respectively 
For the quantitative biochemical estimation of 
dopamine, noradrenaline and serotonin, the brain 
was removed within 30 sec after decapitation and 
Its cerebral cortex and basal ganglia (corpus stria-
tum and thalamus) were rapidly dissected in a cold 
room, weighed to the nearest milligram on a single 
pan electrical balance and separately homogenized 
in 3 0 ml ice cold 0 01 N HCl Extraction and 
estimation of all these compounds were done by the 
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method of Welch & Welch (1969), except that the 
time for shaking at each solvent extraction was 
increased to 20 mm The temperature throughout 
these operation ranged between 15° and 20° Re-
covery experiments were performed taking the 
known standards of the compounds in 3 0 ml 0 01 
N HCl and carrying out all the steps as in case of 
tissue samples Fluorescence was measured in an 
Aminco-Bowman spectrophotofluorometer (Ame-
rican Instrument Co , Silver Spring, Md U S A ) 
The data were analysed statistically usmg Stu-
dent's t-test and significant differences between the 
means of the treated and the control groups were 
calculated and P-values obtained 
Following the administration of nickel to rats, 
signs such as irritability and restlessness were 
observed After 4-5 days, the rats usually became 
lethargic and the motor activity was considerably 
diminished General condition of the rats and 
sensation to pin prick otherwise remained normal 
Rats of the control group did not show any 
abnormality 
Nickel contents of the cerebral cortex and basal 
ganglia were estimated by atomic absorption spec-
trophotometry and are given in table 1 The nickel 
administration caused significant deposition of this 
element in the cerebral cortex (-1-460%) and basal 
ganglia (4-444%) 
Recoveries of the dopamine, noradrenaline and 
serotonin were 72, 82 and 78 per cent respectively 
The concentrations of dopamine, noradrenaline 
and serotonin, after the administration of nickel, in 
the cerebral cortex and basal ganglia are repre-
sented in table 1 Significant reduction of dopamine 
was observed in the cerebral cortex as well as in the 
basal gangha (P<0 001) Noradrenaline concen-
tration was significantly decreased only m the basal 
ganglia (P<0 05) The level of serotonin was 
significantly depleted both in the cerebral cortex 
and basal gangha (P<0 001) 
Determination of the concentration of ion by 
atomic absorption spectrophotometry has proved 
to be a very sensitive and accurate method of 
multiple estimation of ion in small samples of brain 
tissue (Smeyers et al 1973) The present investiga-
tion has shown that the exogenous nickel preferen-
tially deposited more in the cerebral cortex than in 
the basal ganglia The administration of nickel 
chloride (2 mg/kg) for one week to rats resulted in a 
significant fall in the levels of dopamine in the 
cerebral cortex and basal ganglia, noradrenaline in 
the basal ganglia, and that of the serotonin in the 
cerebral cortex These findings show a regional, 
heterogeneity in the levels of dopamine, nor-
adrenaline and serotonin Mustafa & Chandra 
(1971) reported that the levels of dopamine and 
noradrenaline significantly decreased in whole 
brain of the rabbit in chronic manganese toxicity 
The lowering of dopamine and noradrenahne in 
manganese toxicosis has been explained on the 
basis of Its blocking the enzyme L-DOPA decar-
boxylase or L-tyrosine hydroxylase (Mustafa & 
Table 1 
Nickel, dopamine, noradrenaline and serotonin concentration m cerebral cortex and basal ganglia of the rat brain 
after nickel (2 mg/kg body weight mtraperitoneally injection daily for 7 days (Mean±S E expressed as ng/g fresh 
tissue) 
Monoamines 
and nickel 
Cerebral cortex 
Control Experimental 
N=8 N=8 
Basal ganglia 
Control Experimental 
N=8 N=8 
Nickel 
Dopamine 
Noradrenaline 
Serotonin 
1 131±0 121 
0 442 ±0 063 
0 617±0 09] 
0 343 ±0 036 
6 339±1 103** 
( + 460%) 
0 330±0 046* 
(-26%) 
0 508 ±0 083 
(-18%) 
0 142±0 018** 
(-59%) 
1 441 ±0 164 
0 679 ±0 098 
0 809 ±0 104 
0 445±0 069 
7 846±1 346** 
(+444%) 
0 462±0 071* 
(-32%) 
0 561 ±0 082* 
(-31%) 
0 164±0 026** 
(-64%) 
N = Number of animals used in each experiment 
Values m parenthesis show the per cent change from the control 
* P<0 05, ** P<0 001 
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Chandra 1971). Recently, Hasan et al. (1978 & 
1980) showed that the levels of dopamine, nor-
adrenaline and serotonin decreased in different 
regions of the rat brain after the administration of 
thallium (5 mg/kg) and cobalt (2 mg/kg) daily for 
one week to the albino rats. These results find a 
parallel in our observation, showing the significant 
depletion of dopamine, noradrenaline and se-
rotonin in different regions of the rat brain. 
From our investigation it may, therefore, be 
suggested that there is a significant disturbance in 
the function of dopamine, noradrenaline and sero-
tonin in the cerebral cortex and basal ganglia of the 
rat following nickel administration, the mechanism 
of which requires further investigations. 
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Effect of ThaUium, Nickel, and Cobalt AdmmistvatTOtt on the L\pid Peroxidation m Dif-
feienl Regions of the Rat Brain HASAN, M , AND ALI , S F (1980) Toxicol AppI Phaima-
(ol 57, 8-13 Rats were given thallium (5 mg/kg), nickel, and cobalt (2 mg/kg) ip daily 
for 7 days Clinically, thallium mduced a maximum degree of toxicosis, followed by nickel 
and cobalt When determined after 7 days of treatment, the rate of lipid peroxidation was 
significantly increased m the cerebrum, cerebellum, and bram stem of rats in all treatment 
groups Thallium caused a maximum increase in the rate of lipid peroxidation in the cere-
bellum but cobalt and nickel produced maximum effects in the brain stem Electron micros-
copy revealed increased lipofuscin-like pigment deposition in the cerebellar neurons fol-
lowing thallium-intoxication This correlated well with the increased rate of lipid 
peroxidation 
Peroxidation involves the direct reaction of 
oxygen and lipid to form free radical inter-
mediates and semistable peroxides. Lipid 
peroxidation is damaging because of the 
subsequent reactions of free radicals, 
mainly peroxy radicals, that are produced 
(Tappel, 1970). Lipid peroxidation in vivo 
has been claimed to be of basic importance 
in aging, in damage to cells by air pollution 
and in oxygen toxicity (Tappel, 1973). 
Quantitative studies of enzyme inactivation 
by lipid peroxidation have shown that sulf-
hydryl enzymes are most susceptible to in-
activation (Chio and Tappel, 1969). Thal-
lium is known to combine with sulfhydryl 
groups, resulting in a deficiency of cysteine 
leading secondarily to a deficiency of glu-
tathione (Gross et at., 1948). Furthermore, 
a decrease of total sulfhydryl groups in 
mitochondria causes their swelling and de-
generation. Since thallium intoxication is 
known to induce mitochondrial changes 
(Hasan et al., 1977, 1978), we decided to 
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test the effect of thallium on the rate of lipid 
peroxidation and to correlate it with electron 
microscopic observations for lipofuscin 
deposition. Interestingly, Sesame and Boyd 
(1978) have reported paradoxical effects of 
cobalt chloride and salts of other divalent 
metals (including nickel) on tissue levels of 
reduced glutathione. Because there is a re-
lationship between glutathione and lipid 
peroxidation (Tappel, 1970), one aim of the 
present study was to evaluate the effects 
of nickel and cobalt on the rate of lipid 
peroxidation in different regions of the rat 
brain. 
METHODS 
Male albino rats of the Charles Foster strain 
weighing 150 ± 20 g, were fed a commencal diet 
(Hind Lever Laboratory Feeds, India) There were 10 
treated rats in each of three treatment groups and 10 
control rats They were housed in a group of not more 
than four m plastic cages with dimensions of 12 
X 9 X 6 in 
lib 
LIPID PEROXIDATION IN RAT BRAIN 
Biochemical Determinations 
Treatment The solution of thallous acetate, nickel 
chloride, and cobalt chloride (BDH, Poole, Dorset, 
England) were prepared in double-distilled water 
Rats of group 1 were injected with a thallous acetate 
solution ip (5 mg of thallium/kg) daily for 7 days Rats 
in groups 2 and 3 were given nickel chloride solution 
(2 mg of nickel/kg) and cobalt chloride solution (2 mg 
of cobalt/kg) ip daily for 7 days Rats in group 4 served 
as controls and were given appropriate volumes of 
physiological saline ip concurrently 
Lipid peroxidation Rats were fasted overnight 
(allowing water ad libitum) and sacrificed by de-
capitation Brains weie dissected into cerebral 
hemisphere, cerebellum, and brain stem in a cold room 
and weighed to the nearest milligram on an electri-
cal balance Brain from the respective areas was 
homogenized in chilled 0 15 M potassium chloride 
in a Potter-Elvehjem type C homogenizer (Arthur 
H Thomas & Co , Philadelphia, Pa ) with a Teflon 
pestle, and the final volume adjusted to have a 10% 
(w/v) homogenate For assay of lipid peroxidation, 
1 0 ml of homogenate was incubated at 37 ± TC in 
a metabolic shaker (120 strokes/min, amplitude 1 cm) 
for 3 hr One milliliter of 10% (w/v) trichloroacetic 
acid was added and after thorough mixing, the reaction 
mixture was centrifuged at 800 g for 10 min Samples 
(1 ml) of the clear supernatant were mixed with 1 ml 
of 0 67% (w/v) 2-thiobarbituric acid and held in a 
boiling water bath for 10 mm, cooled, and diluted with 
1 ml distilled water The absorbance of the solution 
was read at 535 nm and the results expressed as 
nanomoles of malonaldehyde formed per 30 mm using 
the extinction coefficient 1 56 x 10' as described by 
Vtieyet al (1967) 
Electron microscopy Twelve male albino rats of 
the same strain were divided into two groups of six 
each Rats in Group 1 were given thallous acetate 
solution ip (5 mg thallium/kg) daily for 7 days and 
equal volumes of physiological salme were con-
currently given ip to rats in Group 2 The brains of 
all the rats were fixed by perfusion fixation with 
phosphate buffered glutaraldehyde/paraformaldehyde 
solutions, prepared along the lines recommended by 
Karnovsky (1965) Two rats were anesthetized at 
a time (one experimental and one control) with ip 
sodium pentobarbital (30 mg/kg body wt) and per-
fused through the heart The perfusion fluid was kept 
at a height of about 100 cm above the level of the 
heart of the animal, the needle was introduced into 
the left ventricle and guided into the ascending 
aorta The duration of perfusion was 25-30 mm and 
the volume for each animal was approximately 3(X) 
ml (at the rate of about 10 ml/mm) The brains were 
removed from the cranium, taking care to avoid 
trauma Small pieces of the cerebellum were dis-
sected out and quickly immersed in the fixative used 
for perfusion for 3 hr at 4°C The tissue was then rinsed 
in 0 ! M phosphate buffer (pH 7 3) and postfixed in 
1% osmotically adjusted osmium tetroxide for 1-2 hr 
After dehydration the material was embedded m a 
mixture of araldite 502 and Epon 812 (1 2) The de-
sired regions of the brain were sectioned (1 /xm thick) 
with an LKB Ultratome Model III and stained with 
toluidine blue Adjacent ultrathin sections were ob-
tained from the area of interest They were stained 
with uranyl acetate (Watson, 1958) and lead citrate 
(Reynolds, 1963) and examined with a Hitachi HU 
HE electron microscope at an accelerating voltage 
of 75 kV 
Statistical Analysis 
The data were analyzed statistically using Student's 
( test Significant differences between the means of 
the experimental and control groups were calculated 
and p values were obtained 
RESULTS 
General Observations 
Signs of thallium toxicosis included 
anorexia, failure to gain weight, poor hair 
luster, lethargy, diarrhea, dragging of hind-
limbs, and fits of abnormal rotation of head 
and neck. Treatment with nickel and cobalt 
caused irritability and restlessness. After 
4-5 days all the treated rats usually became 
lethargic. Control rats remained normal. 
Necropfy 
Congestion of meninges and signs of 
minimal cerebral oedema were observed at 
necropsy in some rats in all the treatment 
groups. The weight of brains from thallium, 
nickel, and cobalt treated rats, however, 
did not differ significantly from control 
values. Coronal sections of the brain at 
various levels did not reveal gross ab-
normality. The ventricular system was bi-
laterally symmetrical. 
Biochemical Findings 
Lipid peroxidation. The rate of lipid 
peroxidation, expressed as nanomoles of 
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TABLE 1 
RATE OF LIPID PEROXIDATION EXPRESSED AS NANOMOLES OF MALONALDEHYDE FORMED PER 30 min IN 
DIFFERENT REGIONS OF THE RAT BRAIN AFTER THE ip ADMINISTRATION OF THALLIUM (5 mg/kg) FOR 
7 DAYS (MEAN ± SB) 
Parts of brain 
Control 
(N = 10) 
Experimental 
(thallium) 
(N = 10) 
Percentage 
change 
Cerebral hemisphere 
Cerebellum 
Brain stem 
2.482 ± 0.333 
2.305 ± 0.319 
1.430 ± 0.173 
3.701 ± 0.317 
5.584 ± 0.448 
3.100 ± 0.350 
+ 49 
+ 142 
+ 116 
<0.001 
<0.001 
<0.001 
Nole. N = Number of animals used in each experiment. 
malonaldehyde formed per 30 min in dif-
ferent regions of the brain of control and 
thalhum-intoxicated rats are shown in Table 
1. Significant increases in the rate of lipid 
peroxidation were maximal in the cerebel-
lum followed by brain stem and cerebral 
hemisphere. Values for the rate of lipid 
peroxidation after the administration of 
nickel and cobalt are presented in Table 2. 
There was a significant increase in peroxi-
dation in the cerebellum and brain stem in 
cobalt toxicosis but in the cerebral hemi-
sphere the change was insignificant. In the 
case of nickel toxicosis, the rate of lipid 
peroxidation was markedly increased in all 
three regions of the brain in the same pattern 
we found in thallium intoxication. 
Electron microscopy. Cerebellar neurons 
of the control rats showed well-preserved 
endoplasmic reticulum, mitochondria, and 
glogi zones (Fig. 1). Lipofuscin pigment 
granules, however, were scarcely dis-
cernible. On the other hand, prominent 
aggregation of lipofuscin granules were 
frequently observed in the perikarya of 
cerebellar neurons obtained from thallium-
intoxicated rats (Fig. 2). 
DISCUSSION 
No comparable report on alterations in 
the rate of Hpid peroxidation following the 
administration of thallium, cobalt, or nickel 
is available. The amount of malonicdialde-
hyde produced, as measured by the thio-
barbituric acid (TBA) assay, has been 
shown to be a true indicator of endoge-
nous lipid peroxidation (Tappel and Zalkin, 
1960). The brain homogenate apparently has 
the necessary unsaturated fatty acids and 
TABLE 2 
RATE OF LIPID PEROXIDATION EXPRESSED AS NANOMOLES OF MALONALDEHYDE FORMED PER 30 min IN 
DIFFERENT REGIONS OF THE RAT BRAIN AFTER THE ADMINISTRATION OF COBALT AND NICKEL (2 mg/kg body 
wt ip DAILY FOR 7 DAYS) (MEAN ± SE) 
Parts of brain 
Cerebral 
hemisphere 
Cerebellum 
Brain stem 
Control 
{N = 10) 
2.482 ± 0.333 
2.305 ± 0.319 
1.430 ± 0.173 
Experimental 
(cobalt) 
(N = 10) 
2.454 ± 0.301 
3.095 ± 0.261 
2.596 ± 0.251 
Per-
centage 
change 
- 2 
+ 34 
+ 80 
P 
N.S. 
<0.01 
<0.001 
Experimental 
(nickel) 
(N = 10) 
3.327 ± 0.321 
3.442 ± 0.331 
2.217 ± 0.221 
Per-
centage 
change 
+ 34 
+40 
+ 55 
P 
<0.01 
<0.001 
<0.001 
Note. N = Number of animals used in each experiment. 
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FIG 1 Electron micrograph of a part of the cerebellar cortex of the control rat Note the remark-
able paucity of the lipofuscin granules The cytoplasmic organelles are well preserved x 16 000 (scale 
= 1 fxm) 
the catalysts for peroxidation in the archi-
tecture of the cell itself which are readily 
available for reaction with molecular oxygen 
to undergo lipid peroxidation. Biomem-
branes and subcellular organelles are the 
major cellular components damaged by lipid 
peroxidation. At least two in vivo systems 
protect against membrane damage resulting 
from uncontrolled lipid peroxidation. These 
systems rely on selenium and vitamin E 
and form the basis for hypotheses concern-
ing the antioxidant functions of these 
nutrients (Combs et al., 1975). Thallium 
combines with sulfhydryl groups resulting 
ultimately in a deficiency of glutathione 
(Gross et al., 1948). This causes deficient 
degradation of lipid peroxides to hydroxy 
acids leading to the accumulation of the 
former in various regions of the brain 
(Tappel, 1970). The similarity of the peroxi-
dation product to lipofuscin has been 
verified on the basis that it gives fluores-
cence products which have characteristic 
fluorescence spectra with a maximum at 470 
nm when excited at 365 nm, similar to those 
of lipofuscin pigment (Chio et al., 1969). 
The increased incidence of electron dense 
bodies observed in cases of thallium toxi-
cosis appear to be the end result of lipid 
peroxidation. Also, cobalt chloride and salts 
of other divalent metals (including nickel) 
are known to alter tissue levels of reduced 
glutathione (Sesame and Boyd, 1978). Since 
the association of glutathione with lipid 
peroxidation is well recognized (Tappel, 
1970) the increased rate of lipid peroxi-
dation following cobalt and nickel adminis-
tration can be easily explained. One of the 
most interesting observations, however, is 
the regional heterogeneity of the percentage 
,1^ 
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FIG. 2. Electron micrograph of thallium (5 mg/kg)-treated rat. Three polymorphic lipofuscin granules 
are visualized m the perikaryon of a cerebellar neuron. Note electron lucid vacuole in one lipofuscin 
pigment (arrow), x 14,400 (scale = 1 /xm). 
increase in the rate of lipid peroxidation 
in the various regions of the brain caused 
by different metal ions. Whereas thallium 
caused maximum increase in the rate of lipid 
peroxidation in the cerebellum, cobalt, and 
nickel produced maximum effect on the 
brain stem. On the other hand, cobalt did not 
significantly alter the rate of lipid peroxi-
dation in the cerebrum but nickel did cause 
a 34% increase in this region as well. A 
certain selectivity of cells, terminals and 
enzymes to the toxic effets of cobalt in vivo 
has been reported by Clayton and Emson 
(1976). 
Although both cobalt and nickel belong 
to the same group, this variance in their 
effect on the cerebellum may be due to the 
rapid axonal transport of cobalt (Clayton 
and Emson, 1976) from the cerebrum to the 
multineuronal pathways in the brain stem. 
However, no direct correlationship between 
the signs of their toxicity with the charac-
teristics regional differences in lipid peroxi-
dation could be established. 
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ABSTRACT 
Rats vere given trlmethyltln chloride (Img/kg body veight) i.p. 
daily for 8 days. Lipid fractions, lipase activity and lipid 
peroxidation were determined in different regions of the hrain. 
TMT-intoxication decreased the levels of total lipids in all the 
brain regions studied. Cholesterol content showed decrement in 
cerebral hemisphere and brain stem. Esterified fatty acids 
exhibited remarkable depletion in different regions of the brain. 
The ganglioside concentration was diminished in cerebellum and 
brain stem. Lipid peroxidation and lipase activity were increased 
in various regions of the brain. Electron microscopy revealed 
increased lipofuscin pigment which was well correlated with the 
increased rate of lipid peroxidation. 
1 c (J 
lygRQIKJGTIONt 
Whereas the neuropathologio c h a r a c t e r i s t i c s of t r i e t h y l -
t i n include marked in t ramyel in io edema, t r i m e t h y l t i n (TMT) commonly 
produces neuronal necrosis (Brown e t a l , 1979). 2?he 2MT i n r a t 
i s general ly very cumulative and p e r s i s t e n t . Brown e t a l , (1979) 
have found t h a t minimum o v e r a l l concentrat ion i n Tsrain assoc ia ted 
wi th neuronal damage was 1.4 »g /g wet weight. The mechanism by 
which IMT produces neuronal nec ros i s i s not yet known. The 
u l t r a s t r u c t u r a l b a s i s , of t h e pathologic changes t h a t occur wi th in 
hippooampal and pyriform neurons, was r e c e n t l y inves t iga ted by 
Bouldin e t a l . (1981). The sequence of subce l lu l a r pathologic 
changes, which was analyzed i n acute ly i n tox i ca t ed (2MT) adul t 
r a t s , began with the mul t i focal accumulation of smooth membranes 
i n the neuronal perikarya and proximal dendr i t e s • These abnormal 
co l l ec t i ons of smooth membranes exhibi ted a c t i v i t y of acid phospha-
tase such as i s found i n Golgi-associated endoplasmic re t iculum 
(OML). These mult i focal accumulations of GERL-like membranes 
were followed by the massive accumulation of cytoplasmic dense 
bodies and autophagic vacuoles (Bouldin e t a l . 1981). The i n t e r n a l 
s t r u c t u r e of t h e dense bodies va r i ed , but a l l had a l i m i t i n g 
membrane. Their morphological c h a r a c t e r i s t i c s conformed to the 
genera l de sc r ip t ion of l i po fusc in (Glees and Hasan, 1976). The 
s i m i l a r i t y of the l i p i d peroxida t ion product to l ipofUscin has 
been v e r i f i e d on the bas is t h a t i t gives f luorescent products 
which have c h a r a c t e r i s t i c f luorescence spec t r a with a maximum 
at 470 nm when excited at 365 um, similar to those of lipofusoin 
pigment (Ohio and lappel, 1969). The main objectives of the 
present study are, therefore, to evaluate the effects of trimethyl-
tin JLntoxication on the regional brain lipid fractions, lipase 
activity and the rate of lipid peroxidation. 
Additionally, the quantitative neurochemical observations 
will be correlated with the ultrastructural findings. Further-
more, evaluation of total sulfhydryl radicals will be undertaken 
in view of their Icnown depletion following heavy metal intoxica-
tion (Lehninger, 1979 and fiasan & All, 1981). 
MATERIAL AND METHODS: 
Male a lb ino r a t s , obtained from Central Drug Research 
I n s t i t u t e , Lucknow (India) weighing 150 ;|;; 50 g, were fed a oommer-
c i a l d i e t (Hind Lever Laboratory Feeds, I n d i a ) . They were housed 
i n a group of not more than four i n p l a s t i c cages with dimensions 
of 12 X 9 X 6 in* 
BIOGHEMICJffi DETERMINATIONS t 
Treatment I The so lu t ion of t r imethylt incri i loride (TMT) was prepared 
i n double d i s t i l l e d water . Six groups of r a t s were in jec ted with 
a TMT so lu t ion i . p . (1 mg of TMT/kg) da i ly for 8 days. Rats i n 
group 7 and 8 served as con t ro l s and were g iven equivalent volume 
of physio logica l s a l ine i . p . concurrent ly . 
EXTRACTION AND ANALYSIS OE BRAIH LIPIDS I 
Rats were fasted overnight (allowing water ad l ibi tum) and 
s a c r i f i c e d by decap i t a t ion . Brains were r a p i d l y dissected i n t o 
ce reb ra l hemisphere, cerebellum, and b ra in stem on an i ce p l a t e 
and weighed to t h e neares t mill igram on an e l e c t r i c a l ba lance . 
Different p a r t s of the b r a in were homogenised wi th a t e f lon p e s t l e 
i n ohloroform-raethanol ( 2 i l ) v / v , according t o the method of Eolch 
e t a l . (1951) and i s o l a t e d as described by Islam e t a l . (1980). 
The analysis of t o t a l l i p i d s was performed according t o the method 
of Woodman and P r i ce (1972). Phosphorous was determined by the 
method of Mar ine t t i (1962). Cholesterol was est imated by Liberman-
Bur chard r e a c t i o n (Bloor e t a l , 1922), The concentra t ion of 
e s t e r i f i e d f a t t y acids and gangl ios ides was evaluated by the method 
of Stern and Shapiro (1953) and Po l l e t e t a l . (1980), r e s p e c t i v e l y . 
PB!^ RMIHATIOH W LIPID PMOXIDAglOHi 
Various regions of the b r a i n were homogenised i n c h i l l e d 
0.15M potassium chlor ide with a t e f lon p e s t l e , and the f i n a l 
volumes adjusted to give a lOjS (w/v) homogenate. The ahsorbanoe 
of the s o l u t i o n was read a t 535 nm and the r e s u l t s eacpressed as 
nanomoles of malonaldialdehyde formed per 30 min us ing the e x t i n c -
t i o n coef f i c ien t 1i56 x 10^ as described by Ute ly e t a l . (1967) . 
DETERMINATION OP LIPASE AOTIYIIPYt 
Lipase a c t i v i t y was determined by the method of Tietas and 
P ie reck (1966) with t he fol lowing modificat ion by Haider e t a l . 
(1981) . The homogenate i n c h i l l e d 0.15M ZCl was centrifUged a t 
5000 rpm and 1 ml of t h e supernatant was assayed for l i pa se 
a c t i v i t y . The r e s u l t s were expressed in I n t e r n a t i o n a l Uni t /g of 
f resh t i s s u e . 
For the determination of t o t a l s ia fhydry l r a d i c a l s , b r a i n 
p a r t s fsrom the given a r e a s , were homogenised i n ch i l l ed 0,15M 
potassium chlor ide with a t e f l o n p e s t l e , and the f i n a l volume 
adjusted to have a 10^ (w/v) homogenate. The contents of t o t a l 
sul fhydryl r a d i c a l s were est imated by the procedure of Sedlak 
and Lindsay (1968). 
RLEOgtON MIGROSCOPYt 
Twelve male albino r a t s were divided i n t o two groups of 
s i x each. Rata of group 1 were given TMT so lu t i on l . p . (1 mg 
TMT/kg) da i ly for 8 days and equal voltunes of physiological s a l i n e 
were concurrent ly given i . p . to r a t s of group 2, The bra ins of 
a l l the r a t s were fixed by per fus ion- f ixa t ion with phosphate 
buffered glutaraldehyde/paraformaldehyde s o l u t i o n s , prepared along 
the l i nes recommended by Karnovsky (1965). Two r a t s were anes -
the t i zed a t a t ime (one experimental and one control) with i . p . 
sodium pen toba rb i t a l (30 mg/kg body wt.) and perfused through 
h e a r t . The perfusion f l u i d was kept a t a he igh t of about 1 metre 
above the l e v e l o f the hea r t of t he animal, the needle was i n t r o -
duced in to the l e f t v e n t r i c l e and guided i n t o the ascending a o r t a . 
The duration of perfusion was 25'-50 min. and the voliime for each 
animal was approximately 300 ml ( a t the r a t e of about 10 ml/mln.). 
The brains were removed from the cranium, t ak ing care to avoid 
trauma. Small pieces of the cerebellum, corpus s t r ia tum, 
mammillary complex and gyrus c ingu l i were d i s sec t ed out and quickly 
Immersed i n the f i xa t i ve used for perfusion for 3 hr a t 4*0. The 
t i s s u e was then r in sed i n 0.1M phosphate buffer (pH 7.3) and 
pos t - f ixed i n 1^ osmotioally adjusted osmium te t rox ide for 1-2 h r . 
After dehydration the mater ia l was embedded i n a mixture of 
a r a l d i t e 502 and Epon 812 ( 1 i 2 ) . The des i red regions of the b r a i n 
were sect ioned (1 yum thick) with an LKB tJltratome Model I I I and 
s ta ined with to lu id ine b l u e . Adjacent u l t r a t h i n sect ions were 
1 r\ r; 
obtained from the area of I n t e r e s t . They were s ta ined with 
uranyl a c e t a t e (Watson, 1958) and lead n i t r a t e (Reynolds, 1963) 
and examined with a Hitachi HU I I E e l ec t ron microscope a t an 
acce l e ra t ing vol tage of 75 KV. 
STATISTICAL ANALYSISi 
The da ta were analysed s t a t i s t i c a l l y us ing Student ' s *t* 
t e s t and signifiofi^it d i f ferences between two means of the 
experimental and control group and the *P' values ca lcu la t ed . 
»P' values l e s s than 0.05 were considered to be s i g n i f i c a n t . 
Analysis of var iance (ANOVA) was ca lcu la t ed by Fisher*s 
Least S ign i f ican t Test (LSD; Mi l l e r , 1966). The object of ANOVA 
was to break up the t o t a l v a r i a t i o n in to components due t o each 
of t h e two factors» 
( i ) Va r i a t i on within reg ions 
( i i ) Va r i a t i on due to TMT Toxicosis 
The values were compared by ' P ' t e s t . A leve l of P / 0*05 
was s e t as the acceptable l e v e l of s ign i f icance 
RESULTSI 
General Observations: Physical signs of tin toxicosis included 
irritability, restlessness and at times epistaxis. 
NEDROOHEMIOAL FINDINflSt 
The adminis t ra t ion of t r i m e t h y l t i n ch lo r ide (1 mg/kg 
body Tft* i » p . ) caused s t a t i s t i c a l l y s i g n i f i c a n t decrement i n the 
t o t a l l i p i d contents of a l l t he regions of t he b ra in (Tables 1,2, 
& 3 ) . But t h e l e v e l of phospholipids remained una l t e red . I n t e r e s t -
i n g l y , choles te ro l /phosphol ip id (0/P) r a t i o was s i g n i f i c a n t l y 
depleted i n the cerebra l hemisphere and b r a i n stem (Table 4 ) . 
On the other hand, the concent ra t ion of c h o l e s t e r o l was depleted 
s i g n i f i c a n t l y i n ce rebra l hemisphere an.d b r a i n stem. Also, 
e s t e r i f i e d f a t t y acids were remarkably decreased i n var ious 
regions of t h e b r a in (P LJ^»^'^* ^ / 0 .001) . S igni f icant 
dimini t ion of the gangl ios ides , however, occiirred only i n the 
cerebellum and b ra in stem (Tables 2, & 3 ) . 
The r a t e of l i p i d peroxida t ion expressed as nanomoles 
malonaldialdehyde formed per 30 min. i n d i f f e r en t regions of 
b ra in i n c o n t r o l and TMT-intoxicated ace shown i n Table 5. 
There was a s i g n i f i c a n t increase i n l i p i d peroxidat ion i n t he 
cerebellum and b r a i n stem but i n the ce rebra l hemisphere the 
change was i n s i g n i f i c a n t . The a c t i v i t y of l i p a s e was however, 
s i g n i f i c a n t l y elevated i n a l l the regions of t he b ra in (Table 6 ) . 
The contents of t o t a l su l fhydryl r a d i c a l s were s i g n i f i c a n t l y 
decreased i n the b ra in stem only (Table 3 ) . 
The r e s u l t s of M07A (Table 7) revealed t h a t the t o t a l 
v a r i a t i o n w i th in d i f fe ren t reg ions of the b r a i n was s t a t i s t i c a l l y 
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s igni f icant (P/ 0.01). Furthermore, TMT produced an ov«pall 
s t a t i s t i c a l significant effect in regional brain l i p i d fractions 
(P Z-,0«01)* However, df « 1,32j (P » 5.74j Z-0«0^)t was s t a t i s -
t i c a l l y s ignif icant for l i p id peroxidation but df a 2,32 was 
ins ignif icant . On the other hand effect of SIT on to ta l 
sulfhydryl radicals was also s t a t i s t i c a l l y insignificant 
(df o 2,32| P « 0.2056 and df «* 1,32i F a 0.6110). 
ELEOORON MIOROSCOPYt 
Cerebel lar neurons of t he cont ro l r a t s showed w e l l -
preserved endoplasmic re t icu lum, mitochondria and Gk>lgt ssones 
( F i g . 1 ) . On the other hand, s i g n i f i c a n t increment i n e l ec t ron 
dense p r o f i l e s ( l ipofusc in granules) was apparent i n the neuronal 
per ikarya of cerebellum (F ig . 2 ) , gyrus c i n g a l i and corpus 
s t r ia tum. Altered pleomorphic mitochondria were often observed 
i n close assoc ia ted with e l e c t r o n dense b o d i e s . Furthermore, 
OERL complex and coated v e s i c l e s exhibi ted remarkable increment 
i n numerous Purkinje per ikarya . 
DISCfUSSIONt 
Although h y p e r e x i t a b i l i t y and t ranors were the main 
s igns of t r i m e t h y l t i n i n t o x i c a t i o n , according t o Brown e t a l . 
(1979)» the most severe neuropathologic damage was repor ted i n 
hippocampus and pyriform co r t ex . They noted occasional damaged 
Purkinje c e l l s and small foci of vacuola t ion i n the outer h a l f 
4 o ; ; 
Figure No. 1 j Electron micrograph of a part of Purkinje cell 
of the cerebellar cortex showing well preserved 
endoplasmic reticulum, mitochondria and Oolgi 
zone of the control r a t (X 12,000). 
. - ^ . " ^ 
fx^sT 
1 O 0 
Flgare No. 2 t Electron micrograph depicting part of Purkinje 
perikaryon showing more than fourteen pleomorphic 
electron dense bodies exhibiting electron lucent 
vacuoles (X 16,200). 

i. O ti 
of the molecular layer of cerebelltun. In their ultrastructural 
and oytochemioal study of pathogenesis of !PMT neuronal toxicity, 
Bouldin et al. (1981) choose only the hippocampal and pjriform 
neurons for extended investigation. Thus no ultrastructural infor-
mation on possible 5MT-induced alterations in Purkinje cells and 
corpus striatum is available. The only other neuropathologic report 
seems to be embodied in the thesis submitted by Meynier (1955)» 
cited by Brown et al.(1979)t which described tigrolysis of the 
Purkinje cells after tetramethyltin administration in mice. Our 
ultrastructural study of the effects of TMT poisoning on the 
cerebellum, corpus striatum, mammlllary complex and gyrus cinguli 
appears to be the first investigation dealing with these regions 
of the brain. The occurrence of the most significant alterations 
in the Purkinje cells of the cerebellum and corpus striatum 
neurons correlates well with the observed physical signs of TMT 
neurotoxicity. Polymorphic electron dense bodies were most 
numerous in the perikarya of Purkinje cells and corpus striatum 
neurons. The induction of massive accumulations of cytoplasmic 
dense bodies within neurons is not unique to TMT, as a wide 
variety of drugs (Drenchhahn and Lullman-Rauch, 1979), thallium 
(Hasan and Ali, 1981a) and organophosphate pesticides (Hasan and 
Ali, 1981b) have been shown to induce similar accumulations. The 
increased incidence of electron dense bodies appears to be the 
end result of lipid peroxidation. The brain homogenate has 
apparently the necessary unsaturated fatty acids and the catalysts 
for peroxidation in th© archi tecture of the c e l l i t s e l f which 
are readily available for react ion with molecular oxygen to 
undergo l ip id peroxidation. Peroxidation involves the di rect 
react ion of oxygen and l i p id to form free rad ica l intermediates 
and to produce sea i i tahle peroxides, fhe poss ib i l i t y that l i p i d 
peroxidation may be a basic mechanism of t ox ic i ty for a wide 
variety of environmental chemicals has made t h i s phenomenon a 
focus of toxicologic i n t e r e s t . Free radicals which possess an 
odd number of electrons and have extreme r eac t iv i t y , can oxidize 
membrane l ip ids fbrming l i p i d peroxides (Demopoulos e t a l . , 1979). 
I t seems probable tha t membrane conformation may be of consider-
able importance *in vivo* in protecting the unsaturated fa t ty 
acids in th© brain from the poss ib i l i ty of eneymic and non-enzymlc 
l i p i d peroxidation (Player and Horton» 1982). The s imilar i ty of 
peroxidation end-product to electron dense pigment granules has 
been verif ied by Ohio and Tappel (1969)» on the basis that l i p i d 
peroxidation of sub-cellular organelles gives fluorescent 
products which have charac te r i s t i c spectra with a maximum at 
470 nm when exited at 365 rm, similar to those of lipofUscin 
pigment. Of importance to ce l lu la r damage i s the l i a b i l i t y of 
lysosomal membranes to rupture with concurrent release of an 
array of hydrolytio enzymes with capacity t o i n i t i a t e ce l lu lar 
digestion and oatabolism. Along with the remarkable acoumulation 
of electron dense pigment, there was also a corresponding 
increment by 559t in the ra te of l i p id peroxidation in the 
cerebellum* 
Another in te res t ing finding of the present study was an 
apparent increase In Golgi-asBoelated endoplasmic reticulum 
( GEEIL) profiles* Morphological character is t ics distinguishing 
OSRL from other smooth-surface structures in the ce l l have been 
STiggested, t o be in general, thickened (Hand and Oliver, 1977) 
or coated (Holtaman e t a l , , 1967)» membranesi c is temae 
eadiibitlng densd contents or central daasi t les and continuit ies 
with endoplasmic reticulum (Novikoff et a l . , 1977)# Even though 
kinet ic data are lacking i n the current invest igat ion, l i t t l e 
evidence seems to exist for the direct derivat ion of electron 
dense bodies from t^Mh complex as claimed by Bouldin e t al* 
(1981). I^irthermore, al tered mitochondria, and close association 
of electron dense bodies with these prof i les , were frequently 
detected in the various regions of the brain* Our findings 
tend to support the mitochondrial genesis of electron dmise 
granules (lipofuscin) ae propounded by Glees and Hasan (1976) 
and recently confirmed by Vanneste and de Aguilar (1981). 
According to Packer et a l . (1967). only mitochondria possess 
mechanism for direct reaction with oxygen. Phospholipids 
comprise about 169^  of the body weight of mitochondria. The 
l ip ids found in membranes are almost a l l phospholipids and 
cholesterol with a compliment of cerebrosides. Furthermore, 
Glees and Hasan (1976) have demonstrated a "mitochondrion-
electron dense body" t ransi t ion-stage in the monkey geniculate 
neurons in t h e i r figure-13. 
Qaantitative neurochemical investlgationB revealed 
remarkable congruence between the depletion of total lipids/ 
lipid fi'actione and increment in lipase activity and lipid 
peroxidation. The increased lipase activity may help in faster 
translocation of lipids, thus creating a lipid defi<^enoy 
(Jos and Obden, 1979). Such a situation can affect the func-
tional integrity of neuronal cytomembranes, leading to distur-
bances in lipid composition of neuronal and glial membranes, 
furthermore, an increased lipase activity in various regions of 
the brain induced by !I1MT is likely to trigger enzymatic and 
non-enzymatic lipid peroxidation, which inturn may lead to 
manipulation of cellular injury. 
Another interesting finding of the present study is the 
depletion of total sulfhydryl group in various regions of the 
brain following TMT Intoxication. This very reactive group is 
susceptible to oxidation to the disulfide. Some (but not all) 
enzymes possessing an essential sulfhydryl group are non-*' 
competitively inhibited by heavy metal ions, suggesting that 
such sulfhydryl group must be intact for the essential enzyme 
to retain its normal active conformation (Lehninger, 1979). 
Earlier, Herman and Bensh (1967) suggested that one of the 
mechanisms of selective action of thallium on mitochondria is 
its ability to react with sulfhydryl groups in the mitochondrial 
membranes. The depletion of total sulfhydryl groups observed 
in the present study is in concordance with the ultrastructural 
alterations in the mitochondrial profiles. 
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S FATEHYAB ALI,M TARIQ, MAHDI HASAN and S SALEEM HAIDER Effect of Russell's venom on lipid 
peroxidation in organs of the mouse Toxicon 19, 903-905, 1981 —The effect of Russell's viper 
(Vipera russelli) venom (2 0 mg/kg i p) was studied on the rate of lipid peroxidation in mouse hver, 
heart, lung, kidney and regions of the brain A significant increase in hpid peroxidation in all organs 
was observed within 1 hr of venom administration except in liver, where the significant changes were 
observed after 3 hr The maximum elevations in hver, heart, lung, kidney, cerebral hemisphere and 
brain stem were observed after 24 hr, in the cerebellum after 12hr and in whole brain after 6hr 
THE MANAGEMENT of snake envenomation continues to be a therapeutic problem in many 
parts of the world. In India alone, more than 50,000 mdividuals die of snake bite per year. 
Although clotting defects, hemorrhage and release of a large number of local hormones 
followmg Russell's viper envenomation are well established (SOMANI and ARORA, 1962), the 
exact mechanism responsible for early mortahty in these cases is not fully understood. 
Structural and metabolic changes in the myocardium following Russell's viper venom 
administration have been reported by KHAN et al. (1980). 
Lipid peroxidation involves the direct reaction of oxygen and lipid to form free radical 
intermediates and semi-stable peroxides. Lipid peroxidation is damaging because of the 
subsequent reaction of free radicals that are produced (TAPPEL, 1970). Also, subcellular 
membrane damage has been related to lipid peroxidation (BISHAYEE and BALASUBRAMANIAM, 
1971; KLASSEN and PLAA, 1969). EL-ASMAR et al (1979) have reported that the increase in 
polyunsaturated fatty acids following envenomation may lead to an increase in the rate of 
lipid peroxidation, which might be responsible for tissue damage. Although a large number of 
studies have been conducted on alterations in lipid metabolism following venom adminis-
tration, little information exists on the effect of snake venom on lipid peroxidation. 
Male adult albino mice weighing 25 ± 5 g were randomly divided into two groups. They 
received pellet diet (Hind Lever Laboratory Animal Feeds, India) and tap water ad libitum. 
Animals of group I were injected i.p. with Russell's viper venom (2.0 mg/kg body weight). 
Group II served as control and received an equal volume of physiological saline i.p. Mice of 
groups I and II were killed by decapitation 1, 3, 6, 12 and 24 hr after the venom/saline 
injection and their brains, livers, hearts, lungs and kidneys were removed for estimation of the 
rate of lipid peroxidation. 
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All parts were weighed and homogenized in chilled 0.15 M potassium chloride in a Potter 
homogenizer with a teflon pestle and the final volume adjusted to a 10% (w/v) homogenate. 
For assay of lipid peroxidation 1.0 ml of the homogenate was incubated at 37 ± 1°C in a 
metaboUc shaker for 2hr. One ml of 10% (w/v) trichloroacetic acid was added and after 
mixing the reaction mixture was centrifuged at 800 gf for 10 min. Samples (1 ml) of the clear 
supernatant were mixed with 1 ml of 0.67% (w/v) 2-thiobarbituric acid (Sigma, U.S.A.) and 
placed in a boiling water bath for 10 min, cooled and diluted with 1 ml distilled water. The 
absorbance of the solution was read at 535 mm and the results expressed as nmol 
malonaldehyde formed per 30 min per gram using the extinction coefficient of 1.56 x 10', as 
described by UTLEY et al. (1967). TThe data were analyzed statistically using Student's f-test 
and P values less than 0.05 were considered significant. 
The i.p. injection of Russell's viper venom (2mg/kg) in mice caused a rise in lipid 
peroxidation in liver, heart, lung, kidney and regions of the brain (Table 1). A significant 
increase in lipid peroxidation was observed within 1 hr of venom injection in all organs 
except liver, where the significant change was observed after 3 hr. The maximum elevation in 
lipid peroxidation in the liver, heart, lung, kidney, cerebral hemisphere and brain stem was 
observed after 24 hr and in the cerebellum after 12 hr. 
No comparable report on alterations in the rate of lipid peroxidation following 
envenomation is available. The amount of malonaldehyde produced, as measured by the 
thiobarbitunc acid assay, is a good indicator of endogenous lipid peroxidation (TAPPEL and 
AzALKiN, 1960). Changes in lipid metabolism following snake and scorpion venom have been 
observed by several authors (CONDREA and DE VRIES, 1965; EL-ASMAR et al., 1972; ZWAAL et 
al, 1973; ROSENBERG, 1976). Increase in lipid peroxidation in various organs following 
venom administration might be due to increased availability of fatty acids which are 
mobilised from adipose tissue (YARON and BRAUN, 1970, EL-ASMAR et al, 1979). KHAN et al 
(1980) observed depletion of adrenal ascorbic acid following the administration of Russell's 
viper venom in rats, suggesting that the animal suffered significant stress. Moreover, increase 
TABLE 1. LIPID PEROXIDATION nmol MALONALDEHYDE FORMED/30 min/g (OF FRESH TISSUE) IN ORGANS OF THE MOUSE 
AFTER ACUTE ADMINISTRATION OF RUSSELL'S VIPER VENOM (2.0mg/kg i.p.) 
Body parts 
Liver 
Heart 
Lung 
Kidney 
Whole brain 
Cerebral 
Hemisphere 
Cerebellium 
Brain stem 
Control 
3.4 ±0.9 
0.90±0.16 
0.75 ±027 
0.55 ±0.10 
6.3 ±0.9 
6.5 ±0.7 
6.2 ± LI 
5.3±L2 
Ihr 
4.1 ±0.6 
( + 20) 
1.8 ±0.2* 
(+98) 
1.7 ±0.5* 
( + 127) 
0.94 ±0.23* 
( + 70) 
9.3 ±0.5**' 
(+46) 
8.3±2.1* 
( + 26) 
8.1 ±0.9* 
( + 30) 
8.4±1.3** 
(+60) 
Time after Russell 
3hr 
4.6 ±0.2** 
( + 35) 
3.0 ±0.5** 
( + 36) 
1.8 ±0.2*** 
( + 137) 
1.1 ±0.4** 
( + 108) 
' 10.3 + 0.4*** 
( + 62) 
9.5 ±1.0*** 
(+46) 
10.1 ±1.1*** 
( + 72) 
11.0±0.9*** 
(+109) 
's viper treatment 
6hr 
5.3 ±1.9* 
( + 55) 
3.6 ±0.9*** 
( + 300) 
2.4±0.4*** 
( + 222) 
1.7±0.4*** 
( + 209) 
11.6 ±0.9*** 
( + 84) 
10.5 ±2.9*** 
( + 61) 
11.6 ±0.7*** 
( + 87) 
11.8 ±1.0** 
(+122) 
12hr 
5.5 + 1.2** 
( + 60) 
3.1 ±1.0*** 
( + 247) 
2.5 ±02*** 
( + 229) 
2.2 ±03*** 
( + 303) 
11.6 ±0.7*** 
( + 83) 
12.0±0.8*** 
( + 84) 
12.0±0.6*** 
( + 94) 
11.7±1.0*** 
(+121) 
24 hr 
6.8 ±1.0*** 
(+98) 
4.0±0.7*** 
( + 338) 
2.9 ±0.5*** 
( + 286) 
2.5 ±0.4*** 
( + 360) 
8.9 ±0.6*** 
( + 40) 
12.1 ±1.2** 
( + 98) 
11.6±1.4*** 
( + 87) 
13.9 ±0.8*** 
(+163) 
Ten control mice and six mice at each time period were used. *P < 0.05; **P < 0.01; ***P < 0.001. 
Figures in parentheses indicate % increase compared to controls. 
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in catecholamines following venom administration is well documented (ISMAIL et al, 1972, 
HENRIQUES et al, 1968), which through the adenyl cyclase-cycbc-AMP system, may cause 
hpolysis in adipose tissue LEVINE et al (1964) suggested that a direct hpolytic action of the 
venom may be due to increasing cyclic AMP concentration. Moreover, increased free fatty 
acid liberation by envenomation would result in an increase in the level of acetyl CoA, 
leading to an increase in the synthesis of cholestrol (ASHMORE and WEBER, 1968). 
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PHARMACOLOGICAL EFFECTS OF A PERUVIAN 
SCORPION [HADRUROIDES LUNATUS) VENOM 
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Departamento de Ciencias Fisiologicas, Universidad Peruana Cayetano Heredia, 
Lima, Peru 
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A, ZAVALETA, J. NAVARRO and R. CASTRO DL LA MATA. Pharmacological effects of a Peruvian 
scorpion (Hadruroides lunatus) venom. Toxicon 19, 906-909, 1981.—Hadruroides lunatus venom 
has a low lethality in mice (LDJQ, 68 mg/kg i.p.) and in dogs induces a fall in blood pressure which is 
prevented by an antihistaminic. The venom liberates acetylcholine and potentiates acetylcholine and 
serotonin actions in the rat ileum. It does not affect rat phrenic nerve-diaphragm nor toad rectus 
abdominis isolated preparations, but increases basal tone of the isolated atrium of the rat. 
Hadruroides lunatus (Koch, 1867), commonly known as "Escorpion de los Pedregales", is the 
most abundant scorpion in the Central Coast of Perii. Its habitat extends from Colombia to 
the northern part of Chile on the Occidental slopes of the Andes (AGUILAR, 1968; MAURY, 
1974). Occasionally, stings in humans produce intense pain, oedema and ulceration, 
although severe toxic effects have not been described (DELGADO and PESCE, 1967). 
Adult scorpions were captured in the Atocongo lomas (Lima, Perii) and the venom was 
extracted by inserting the telson into a pipette and stimulating the fourth post abdomen 
segment with rectangular electric pulses (40-50 V, 200/sec, 5 msec duration). The milicy 
venom was collected in micropipettes, spread over glass slides and dried under vacuum in a 
desiccator containing calcium chloride. The venom was reconstituted by mixing it with 
distilled water or saline. It is possible to obtain about 0.4 mg of dried venom per scorpion, 
with a protein content of 66 + 2%. Cellulose acetate electrophoresis of the venom from both 
male and female scorpions shows 5 cathodic, 2 anodic and one stationary spot. Mice injected 
i.p. with lethal doses show sequentially flaccid paralysis of the hind limbs, hyperexcitability, 
salivation, convulsions and death from 3 to 24 hr after injection. Autopsy did not show major 
changes. The LDJO value (i.p.) in mice is 68 mg of dried venom per kg body weight (49-95 are 
the 95% fiducial limits). 
Fresh venom (0.75 mg per kg i.v.) induces in dogs a fall in blood pressure to 50-60 mmHg, 
and recovery occurs in 5-10 min. There is also respiratory depression and alterations in the 
respiratory rhythm. A histaminergic mechanism seems to be involved in the hypotension, 
since it is blocked by chlorphenhydramine (2 mg/kg i.v.); higher doses (up to 1.2 mg per kg) 
produce respiratory arrest and death of the animal. This factor is labile to desiccation, since 
high doses of reconstituted venom (up to 1.6 mg per kg i.v.) did not produce changes of blood 
pressure or respiration. 
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Effect of Organophosphate Insecticide Dichlorvos on the Amino 
Acid Content of Different Regions of the Rat Brain & Spinal Cord 
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Brain Research Laboratory, Deparlment of Anatomy Jawaharlal Nehru Medical College 
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Manuscript received 27 January \911; revised manuscript received 4 May 1977 
Neurotoxic effects of dichlorvos (3 mg/kg) seen after 15 days of intraperitoneal administration to adult rats 
were associated with significant lowering of taurine, GABA, glycine, lysine, phenylalanine and asparlic acid concenira-
tions of different regions of the central nervous system. DiiDinution of serine le\el was insignificant. The results 
suggest that dichlorvos-indnced lowering of amino acid concrntralion various in different discrete regions of brain and 
spinal cord. The diminution of the level of some free amino acids appears to be one of the lindicators of dichlorvos 
neurotoxicity. 
A S is well known, the toxic effects of organo-phosphate are due to the ability of the compounds to inhibit cholinesterase activity 
and to allow the accumulation of acetylcholine at 
nerve endings^-^. According to Johnson', when a 
neurotoxic dose of an organophosphorus ester is 
injected, a characteristic "neurotoxic protein" in 
nervous tissue is always phosphorylated in vivo. The 
phosphorylation site is the active site of neurotoxic 
esterase. Certain responses of the organism to 
organophosphate intoxication, not explicable on the 
basis of cholinesterase inhibition, must also be consi-
dered. The biochemical lesion leading to the typical, 
delayed neurotoxicity has not been defined so far .^ 
Thus not all neurological signs and symptoms of orga-
nophosphate intoxication can be explained on the 
basis of cholinesterase inhibition alone. 
Interestingly, Grezersiuk and associates^ have 
investigated the effect of some pesticides on the con-
tent of protein and free amino acids in potato tubers. 
However, information on the effect of organophos-
phate insecticides on the free amino acid content of 
the different regions of the mammalian brain is still 
lacking. Since the insecticide, DDT, has been shown 
to reduce the amino acid content of mouse brain", 
it would be of particular interest to investigate the 
dichlorvos-induced changes in the putative neuro-
transmitter amino acid content of discrete regions of 
the rat brain. The present study is the first attempt 
in this direction. In this report, an analysis of the 
significant quantitative alterations of the following 
amino acids has been carried out : y-aminobutyric 
acid, taurine, serine, glycine, lysine, phenylalanin 
and aspartic acid. 
Materials and Methods 
Animals — In all experiments male adult Charles 
Foster rats, ranging in weight from 150 to 170 g, were 
used, not less than 6 per experimental group. They 
received pellet diet (Hindustan Lever Ltd, India) and 
water ad libitum until the time of sacrifice. 
Drug — The drug used in the study was dichlorvos 
(DDVP, 0, 0-dimethyl 2:2-dichlorovinyl phosphate-
Nuvan 100 EC, Ciba-Geigy India Ltd). 
Drug administration — Rats were administered 3 
mg/kg dichlorovos (ip) daily for 15 days. The con-
trol group received an equal volume of physiological 
saHne (ip) concurrently. 
Removal of brain and spinal cord — The animals 
were decapitated after 15 days and their cerebral 
hemispheres, brain stem, cerebellum and cervical 
spinal cord rapidly dissected out. 
Determination of amino acids — The parts of brain 
and cervical spinal cord were separately homogenized 
in 80% ethyl alcohol and the homogenates treated 
according to Awapara's paper chromatographic 
method^" for the determination of free amino acids. 
Standard amino acid solutions of known and un-
known amino acids were placed on the same sheet. 
The data were analysed statistically using students' t 
test. 
Results 
Following the administration of dichlorvos to rats, 
signs such as hyperexcitability to tactile stimuli and 
at times fasciculations. Convulsions and ataxia were 
observed. 
Table 1 shows the effects of dichlorvos on 7 amino 
acids in cerebral hemisphere, cerebellum, brain stem 
and cervical spinal cord. The values have been ex-
pressed in /.imole/g of fresh tissue. Statistically 
significant lowering of taurine was observed in all 
the regions examined by us. Most significant {P< 
0.001) decrement was, however, detected in the 
cerebellum. The conccntiation of glycine and 
GABA was significantly reduced ( / '<0 05) only in 
the brain stem and spina! cord. Whenvis, ihe con-
centration of aspartic acid showed significaal reduc-
tion (f<0.05) in the brainstem and spinal cord, the 
lowering of serine was statistically insiginficant in 
all the regions. The concentration of lysine was 
significantly reduced (/'<0.05) in cerebellum only 
and that of the phenylalanine in the brainstem (P< 
0.001) and spinal cord (/'<0.01). 
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TABLE 1 — CONCENTRATION OF AMINO ACIDS IN VARIOUS REGIONS OF THE RAT BRAIN AND SPINAL CORD, 
[Values, expressed as (t mole/g fresh tissue, are mean ± SE. Dichlorvos-intoxicateci, 3 mg/kg body weight 
(ip) daily for 15 days] 
Cerebral Hemisphere Cerebellum Brainstem Spinal Cord 
Amino Acid 
Taurine 
Aspartic Acid 
Glycine 
GABA 
Serine 
Lysine 
Phenylalanine 
*P < 0.05; 
Discussion 
Control 
5.240 
±0.64 
8.609 
±1.50 
25.640 
±3.47 
11.845 
±1.17 
4.971 
±0.67 
4.726 
±0.82 
4.678 
±0.64 
tP < 0.01 
Experimental 
3.336 
±0.40* 
6.082 
±1.20 
20.626 
±2.53 
8 573 
±1.17 
3.352 
±0.57 
3.260 
±0.41 
2.424 
±0.81 
Control 
23.560 
±4.64 
21.736 
±6.96 
53.813 
±9.47 
32.66 
±5.83 
22.466 
±1.24 
20.534 
±4.51 
10.634 
±3.84 
and tP < 0.001 
Experimental 
14.840 
±3.84t 
15.120 
±4.73 
40.693 
±9.33 
22.524 
±5.92 
15.190 
±4.95 
13.267 
±3.70* 
5.831 
±2.27 
Control 
10.00 
±1.20 
14.225 
±1.35 
35.546 
±3.07 
16.942 
±1.36 
13.552 
±3.52 
10.979 
±2.05 
10.744 
±0.17 
to be associated 
Experimental 
4.671 
±6.88* 
7.699 
±1.20* 
21.573 
±4.80* 
8.883 
±2.33* 
6.40 
±1.52 
6.151 
±1.71 
5 802 
0.52t 
with hyperexi 
Control 
26.968 
±5.28 
30.894 
±6.16 
72.973 
15.67 
23.349 
±4.85 
29.018 
±7.05 
21.246 
±6.7! 
9.773 
±1.16 
citabiJity 
Experimental 
9.976 
±2.80* 
12.210 
±3.53* 
32.620 
±2.43* 
8.777 
±2.43* 
14.114 
±4.38 
10.575 
±3.70 
3.669 
±0.64t 
of neuronal 
It is well known that the organophosphorus poin-
sons do not inhibit cholinesterase uniformly in all the 
parts of the brain". However, in most investi-
gations only the average inhibition of whole brain 
is discussed. The present investigation was carried 
out in 3 different areas of the brain to reveal the 
regional characteristics of dichlorvos—intoxication. 
Our finding that the amino acid concentration shows 
a regional heterogeneity in its distribution in the 
brain, is of practical significance. The results further 
show significant lowering of the concentration of 
taurine, GABA, glycine, phenylalanine aspartic 
acid and lysine in different regions of the rat brain 
following dichlorvos administration. Significant 
alterations in the concentration of amino acids must 
reflect changes in the underlying processess of their 
synthesis, uptake or degradation in different regions 
of the brain. It is likely that the marked alterations 
in the central nervous system due to dichlorvos^^ are 
in some way related to these reductions in the level 
of amino acids in the different regions of the brain. 
On the principle that the brain functions very often 
through "inhibition of inhibition" or "disinhibition", 
instead of direct stimulation, a search has been 
carried out by many workers for a deficiency in some 
"inhibitory neurotransmitters" in cases of convul-
sive disorders and epilepsy**. It is of particular 
interest to note that the inhibitory neurotransmitter 
taurine has been significantly reduced in all the 
regions of the brain and spinal cord. Singificant 
reduction of taurine in all the regions of the central 
nervous system appears to be the most characteristic 
feature of dichlorvos-intoxication. For various 
reasons Barbeau and Donaldson*^ favour a role for 
taurine as a stabilizer of membrane excitability rather 
than as a neurotransmitter. In any case, the signi-
ficant reduction of taurine followiog dichlorvos-
intoxication deserves consideration. 
Like taurine, GABA and glycine are inhibitory 
transmitters". A decrease in their levels is likely 
structures. On the contrary, aspartic acid is an 
excitatory transmitter'*. A decrease in its level in 
the brain stem and spinal cord, recorded in this study, 
should, in the same way, result in neuronal depression. 
It would need further investigation to determine 
whether this neuronal depression is primarily a part 
of "inhibition of inhibition". Aprison and Werman^^ 
have classified serine along with "inactive" amino 
acids and lysine as 'untested.' Of particular interest 
is, however, the significant reduction of phenyla-
lanine level in the brain stem and spinal cord. 
Labelled phenylalanine has been shown by Meister^ * 
to be a precursor of epinephrine and nor-epinephrine. 
Further investigation to evaluate the effect of dich-
lorvos intoxication on the epinephrine and nor-
epinephrine levels of discretre areas of brain should 
prove rewarding . In conclusion, it can be stated 
that the diminution of several amino acids in dis-
cretre areas of brain following prolonged adminis-
tration of dichlorvos deserves consideration in view 
of the existing paucity of information on the mecha-
nism of organophosphate neurotoxicity. 
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Summ.ary 
DDVP is an organophosphate pesticide whose neurotoxicity, in the form of cholinesterase inhibi-
tion, is well-known. Rats, weighing 200—225 g were given intraperitoneal injections of 3 mg/kg. 
DDVP daily for 10 days. Following perfusion-fixation, ultrathin sections of the cerebellum and spinal 
cord were examined with an electron microscope. A large number of election-dense bodies exhibiting 
electron-lucid vacuoles were discernible in the perikarya of cerebellar neurons. Aggregations of mito-
chondria were also seen. Myelin-figures in dendrites and axons of the spinal cord wore detected. Evi-
dence of oedema was evident in the spinal cord. 
The toxic effects of organophosphate pesticides are commonly explained on the basis 
of their ability to inhibit cholinesterase activity and to allow the accumulation of acetyl-
choline at nerve endings (BURNS and RAND 1965). They are of particular interest because of 
(i) increased application as insecticides to replace the more environmentally and biologically 
persistent organochlorine pesticides and (ii) effects on the nervous system of mammals 
(KoLLER et al. 1976). 
Chromatolysing spinal neurons in the chick, following tri-cresyl phosphate intoxication, 
were reported by JANZIK and GLEES (1966). On the other hand, AHMAD and GLEES (1971) 
observed large numbers of laminated cytoplasmic inclusion bodies in the spinal cord of hen 
intoxicated with tri-ortho-cresyl phosphate. They postulated that phospholipids become 
unmasked during a degenerative process and arrange themselves as alternating dark and 
less dark layers of the so-called laminated bodies. Although organophosphate-induced fasci-
culation and ataxia in the rat have been reported (Au and HASAN 1977), neuropathological 
studies of cases with organophosphate intoxication arc limited and, electron microscopy has, 
so far, not been utilized to investigate the effects on the cerebellum and spinal cord. The 
purpose of this study is to analyse the ultrastructural changes in the rat cerebellum and 
spinal cord, following subacute DDVP (0,0-dimethyl 2:2-dichlorovinyl phosphate) intoxica-
tion. 
Material and nielhods 
Twelve male albino rats (200—225 g) obtained from the Central Drug Research Institute, Luck-
now (India), were kept on an ad libitum pellet diet (Hind Lever Laboratory Feeds, Tndi.i). The pellet 
composition corresponded to nutritional standards recommended by the U.S. National Research 
Council's Publication No. 990 entitled "Nutritional Requirements of Laboratory Animals". The ox-
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periniental animals were divided into 2 groups ot b c.idi and maintained iiiidei staniianl laboratory 
conditions. The rats of tlie experimental group were administered 3 mg/kg, didilorvos (!)J3VP; 
0,0-dimetliyl 2: 2-dicMorovinyl phosphate-r^uvan 100EC, Ciba-Gcigy India Ltd.) intraperitoneally 
daily for 10 days. The remaining controls were treated with normal saline m an identical manner. The 
brains of all the rats were fixed by periusion-fiAation with phosphate-buffered ghitaraldehyde/ 
paraformaldehyde solutions, piepared along the lines recommended by K\KXOVSKY ( IOGJ) . TWO 
rats were anaesthetized at a time (one experimental and one control) with intraperitoneal sodium 
pentobarbital and perfused through the heart. The brains weie removed from the cranium, taking 
care to avoid trauma. The fourtli ventricle was exposed. Small pieces of the cerebellum and spiiul 
cord were dissected out and were quickly immersed in the same fixative for .'i h at 4 "C. The tissue was 
then rinsed m 0.1 M phosphate buffer (pH 7.3) and post fixed in 1 % osmotically adjusted osmium 
tetroxide for 1- 2 h. After dehvdiation in graded seiies of alcohol, the matciiai was embedded m a 
mixture of Araldite and Epon. The desired region of the (crebelliim and spinal cord were sectioned 
(0.5/-(in thick) with an LKB IJltiatome model HI and stained with tolmiime blue. Adja<eiit ultia-
thin sections were obtained from the areas of interest. They weie stained with uranyl acetate ( \V \ i -
SON 1958) and lead citrate (RLYNOLDS lOCIi) and examined with a Tlitadii IIU 11 K pleitron niu lo-
scope at an accelerating voltage of 76 kV. 
Fig. 1. Electron micrograph of a ceiebellai neuron from DDVP-admimstercd rat. Chimps of mito-
chondria are seen. x3G,000 (scale = 1 micrometer). 
89 
54 
"^y-^ 
'.vk' 
•i «•?' V'},*-;^ " ''-^ v' 
.V-'n't . 
,^  > * 
; «• ' ,V 
• » • * - • ; 
. » > • , 
& • ' i t ' 
If I' ' '• «. 1- • . ''^^J& ••9'" • '<•' 
^ • >•• ' •-••. ' • 4 : ^ ^ ! * >. i t ^ J ' . •*4?• 
7 . - • * , 
V: 
i. I 
Fig. 2. CerebsllaT neiiroE of DDVP-treated rat showing circumferential periniidear rongh endoplas-
mic reticiiluin. N = nadeus, r = rough endoplasmic reticulum, x 36,000 (scale = 1 micrometer). 
Results 
Clinical Bigns of toxicity iackded h^rperexeitability to tactile stimuli and occasionally 
fasciculation, convulsions and ataxia. Disriig this stiidy two animals died. The autopsied 
brains showed congestion of meninges and signs of minimal cerebral oedema were detect-
able. Brain weight of DDYP-treated rats did not differ significantly from that of the con-
trol. 
A few neurons of the spinal cord exhibited clumps of as many as 38 mitochondria in one 
field (fig. 1). Ti®r® appeared to be an abmorniial increase in the number of mitochondrial 
profiles. Occasional neurons also showed circumferentiaily organised stacks of well-preserved 
rough endoplasmic retieulam (fig. 2) in the immediate vicinity of the nucleus. An apparent 
increase and occasional aggregation of pleomorphic, single-membrane bound, electron dense 
profiles, ceroid/lipofuscin, was evident in many neurons (fig. 3). Higher magnification of such 
electron-dense bodies revealed internal organization in the form of electron-lucid vacuoles 
Kt'j 155 
Fiir. 3. Klectron iiucrognipli obtiuiied t] oru UDVP v;it, part of a cerebellar neuron, depictinj; 3 pleio-
niorphic electron dense bodies (arrows). Klectron-lucid vacuoles are also seen, x 3(3,000 (scale = 
1 jnicroraeter). 
and dense dots exhibiting variigated patterns. Oeeasioiial dense bodies were also seen adja-
cent to well-developed Golgi zones (fig. 4). Well developed (iolgi zones were at times notice-
able near indented nuclei of oligodendrocytes (fig. 5). Myelin degeneration was detected in 
the spinal cord of DDVP-treated rats and occasionally myelin figures were observed within 
oedematous dendritic profiles (P'ig. (i). 
Discussion 
The occurrence of variegated cytoplasmic dense bodies was the main evidence of DDVI'-
intoxication. Since the rats used in this study were not older than (i montiis, an age when 
lipof uscin is rarely discernible in neurons ((JLEES and HASAN 1976), it is more likely that these 
))rofiles represented ceroid or altered lysosomes. The functions of lysosomal ajiparatus in-
cludes the uptake, digestion and detaecation of macromolecules and organelles (DESNICK 
et al. 1976). It represents the major site of intracellular digestion. The primary lysosomes are 
known to fuse with vacuoles, such as phagosomes or autophagosomes, in which intracellular 
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Fig. 4. A part of the ceiebellai neuron of DDVP-intoxicated lat showing well-developed Golgi zone 
(G), two electron-dense bodies, and a number of mitochondria. Abbrev. (5 — Goigi zone, N = Nndeus. 
X .^C^OOO (scale = 1 miirometer). 
and extracellular macromolecules have been sequestrated for subsequent liydrolytic diges-
tion (NoviKOFF 1973). In the secondary lysosomes (or digestive vacuoles), the digestive 
enzymes and their macromolecular substrates are compartmentalized for catabolism. Se-
questration of intracellular materials is accomplished by autophagy. On the other hand ceroid 
pigment, associated with specific local or environmental factors, can be experimentally induc-
ed by toxic chemicals (GLEES and HASAN 1976). It is considered to be the intermediate stage 
of auto-oxidizing lipid and lipofuscin. Recently HASAN et al. (1977) have reported thallium-
induced increase of similar dense bodies in the rat area postrema. The apparent increase in 
mitochondrial profiles fits very well in the overall picture of lipid peroxidation induced by 
DDVl*. The other cell organelles, Golgi apparatus, rough endoplasmic reticulum and riboso-
mes, do not reveal significant alteration. The myelin-figures and evidence of oedema noted 
in the spinal cord are remarkable features of DDVP-intoxication. Earlier, laminated neuronal 
inclusion bodies were reported by AHMAD and GLEES (1971) in tri-ortho-cresyl phosphate 
poisoning. 
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Fig. 5. An oligodendrocyte of DDVP-intoxirated rat cerebellum showing an indentation of the nu-
cleus (N) and Golgi zone in its immediate vicinity (arrow). Abbrev. N = Nucleus of oligodendrocyte. 
X 3(1,000 (scale — 1 micrometer). 
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Levels of Dopamine, Norepinephrine & 5-Hydroxy-
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Cord Following Chronic Administration of Organo-
phosphate Pesticide Dichlorvos 
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Levels of dopamine, norepinephrine and 5-hydroxytrypfa-
mine (5-HT) were estimated in the cerebral hemisphere, brain 
stem, cerebellum and spinal rord of rats administered dichlorvos 
(3 rag/kg, ip) daily for 10 days. Significant lowering in the 
concentration of dopamine occurred in the cerebral hemisphere, 
brain stem and cerebellum. Norepinephrine level was signi-
ficantly reduced in the cerebral hemisphere alone. The concen-
tration of 5-HT was significantly increased in the spinal cord 
but was lowered in the cerebral hemisphere and brain stem. 
QRGANOPHOSPHATE pesticides are of particular 
^-^ interest because of (1) increased application as 
insecticides to replace the more environmentally and 
biologically persistent organochlorine pesticides and 
(ii) effects on nervous system of mammals .^ Burns 
and Rand^ have suggested that dichlorvos, similar 
in action to the other organophosphate pesticides, 
inhibits cholinesterase and that the accumulating 
acetylcholine stimulates the release of catecholamines. 
Furthermore, Carlsson^ has shown that physostigmine 
causes a decrease in brain dopamine and norepine-
phrine and accelerates the disappearance of brain 
catecholamines after inhibition of tyrosine hydroxy-
lase. In experimental dichlorvos toxicity, so far 
there are no reports on the levels of dopamine, nore-
pinephrine and 5-hydroxytryptamine (5-HT) in the 
different regions of the brain. Interestingly, Fiscus 
and van Meeter* have reported that administration 
of parathion, a sulphur-containing organophosphate, 
alters turnover and levels of endogeneous dopamine 
and norepinephrine. The changes vary in different 
areas of rat brain. The brain is a heterogeneous 
tissue both anatomically and histologically. This 
heterogeneity is of great importance in the evaluation 
and interpretation of biochemical findings^. We 
have, therefore, estimated the concentrations of 
catecholamines and 5-HT in the cerebral hemisphere, 
brain stem, cerebellum and spinal cord in dichlorvos 
induced toxicosis in rats. 
The animals in all experiments were male adult 
Charles Foster Strain rats (150 ± 10 g). Not less 
than 10 animals were used in each experimental group. 
They received pellet diet (Hind Lever Laboratory 
Feeds, India) and water ad libitum until the time of 
sacrifice. 
Drug administration — Rats were administered 
3 mg/kg dichlorovs [DDVP; 0,0-dimethyl 2:2-dich-
lorovinyl phosphate-Nuvan 100 EC, Ciba-Geigy 
India Ltd] intraperitoneally daily for 10 days. The 
control group received (ip) equal volume of phy-
siological saline concurrently. 
Biology Vol. 17. No. 4 April 1979 pp. 424-426 
TABLE 1 — REPRESENTATIVE RECOVERIES OF 
NOREPINEPHRINE AND 5-HT 
Compound 
Dopamine 
Norepinephrine 
5-HT 
Mean ± SE 
Amount Amount 
taken • recovered* 
(ng) (ng) 
200 144±3 
100 85±7 
200 156±8 
JL o o' 
DOPAMINE, 
Recovery 
(%) 
72 
85 
78 
based on 10 animals which survived 
•Present address : Postgraduate Research Laboratory, 
A. K. Tibbiya College, Aligarh Muslim University, 
Aligarh 202 001 
The animals were decapitated after 10 days and 
their cerebral hemisphere, brain stem, cerebellum 
and cervical spinal cord were rapidly dissected out in 
a cold room (20° ± 2°C). They were weighted to 
the nearest milligram on a single pan electrical balance 
(100-500 mg) and separately homogenized. 
Extraction of catecholamines and 5-HT was done 
by the method of Welch and Welch" except that the 
time for shaking at each solvent extraction was in-
creased to 20 min. The temperature throughout 
these operations ranged between 20° and 25°C. They 
were analysed using the method of Welch and Welch". 
Fluorescence was measured in a Turner Model 430 
Spectrophotofluorometer (G.K. Turner Association, 
USA). 
The data were analysed statistically using Student's 
/ test. 
Following the administration of dichlorvos to rats, 
signs such as hyperexcitability to tactile stimuh and 
occasionally fasciculations, convulsions and ataxia 
were observed. Four rats of experimental group died 
during the experiments. 
Table 1 shows recoveries of dopamine, norepine-
phrine and 5-HT. The concentrations of dopamine, 
norepinephrine and 5-HT in experimental dichlorvos 
toxicity are given in Table 2. Significant reduction 
in the levels of dopamine was observed in cerebral 
hemisphere, cerebellum and brain stem. Norepine-
phrine concentration was significantly decreased in 
the cerebral hemisphere only. The level of 5-HT 
was, however, significantly increased in the spinal 
cord but showed a marked depletion in the cerebral 
hemisphere and brain stem. 
The present investigations indicate a regional hetero-
geneity in the levels of dopamine, norepinephrine 
and 5-HT after experimental dichlorvos toxicosis. 
Whereas the concentration of dopamine was signi-
ficantly lowered in the cerebral hemisphere, cere-
bellum and brain stem, the norepinephrine level, 
showed a reduction in the cerebral hemisphere, alone. 
On the other hand, the concentration of 5-HT was 
significantly increased in the spinal cord. In the 
cerebral hemisphere and brain stem, however, the 
level of 5-HT showed a significant reduction. Interest 
ingly, a number of investigators''^ have emphasized 
that these levels reflected the net result of numerous 
component processes. A considerable body of ana-
tomic, pharmacologic and neurophysiologic evidence 
links central serotonergic mechanisms to the regula-
tion of such diverse functions as sleep and body 
temperature, as well as to the pathophysiology of 
human ills ranging from schizophrenia to Parkin-
sonism*. The present observations, showing deple-
tion of norepinephrine in the cerebral hemisphere and 
increased levels of 5-HT in the spinal cord, find a 
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parallel in an earlier report of Freedman and asso-
ciates^" who showed that 90 min after injection of 
psilocybin, levels of norepinephrine were decreased 
by 24% while 5-HT levels were increased. 
Changes in the level of brain dopamine are known 
to be associated with certain motor dysfunctions". 
Also Freed and associates'^ have shown a marked 
lowering of dopamine level of striatum after Mipafox 
(N, N'-di-isopropyl phosphorodiamidic fluoride) 
toxicosis. The reduced level of dopamine may be 
due to an increase in the turnover of dopamine itself 
which is induced by prolonged cholinergic stimula-
tion^s. Furthermore, Freed and associates'^ have 
postulated that the neurochemical imbalance pro-
duced as a result of inhibition of cholinesterase and 
reduction of dopamine may be partly involved in the 
delayed neurotoxic effects of certain organophos-
phorus compounds. Also, Fiscus and van Meeter* 
have found that maintained cholmesterase inhibition, 
following parathion intoxication, decreased endo-
genous levels of norepinephrine and dopamine in 
the cerebral cortex and increased turnover of nore-
pinephrine in cerebral cortex and brain stem. In 
addition, dopamine turnover was found to be in-
creased in corpus striatum but decreased in cerebral 
cortex. From the present results it may, therefore, 
be suggested that there is a significant disturbance in 
the metabohsm of catecholamines and 5-HT in dich-
lorvos toxicity, the mechanism of which requires 
further investigations. 
Thanks are due to CSIR, New Delhi, for awarding 
a research fellowship to the senior author. The 
authors are grateful to Ciba-Geigy India Ltd, for the 
generous gift of Nuvan 100 EC (Dichlorvos) and to 
Shri G. Madar for technical assistance. 
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ELECTRON MICROSCOPE STUDY OF ORGANOPHOSPHATE DDVP-INDUCED 
ALTERATIONS IN THE RAT HYPOTHALAMUS AND HIPPOCAMPUS 
M A H D I HASAN, S. FATEHYAB A L I , A N D S. C . M A I T R A * 
Interdisciplinary Brain Research Centre, Jawaharlal Nehru Medical College, 
Aligarh Muslim University, Aligarh 
ABSTRACT. Inspite of the extensive use of the versatile insecticide DDVP, the understanding of 
Its delayed neurotoxicity is still incomplete. Electron microscopy has, so far, not been utilized to investigate 
its effects on the hypothalamus or hippocampus. Albino rats, weighing 200-225 g were given intraperitoneal 
injections of 3 mg/kg. DDVP daily for 10 days. Following perfusion-fixation, ultrathin sections of the 
hypothalamus and hippocampus were examined with an electron microscope. Evidences of edema around 
capillaries and axon terminals were observed. Increased incidence of pleomorphic electron-dense bodies in 
the neuronal cytoplasm was apparent. 
DDVP (0,0-dimethyl 2, 2-dichlorovinyl 
phosphate ) is being used as a contract and 
systemic insecticide due to its penetrant and 
volatile properties against pests in agriculture, 
in household and public health programs and 
also in the disinfestation of the aircrafts 
(Dikshith, Datta and Chandra, 1976). 
Statistics for 1969 indicate that 50 to 80% of 
the poisons detected in medico-legal cases in 
India belonged to organophosphorus and 
organochlorine group of pesticides ( Bami, 
1971), Toxicological data indicate that 
DDVP-induced symptoms mimic stimulation 
of the parasympathetic nervous system. It 
is unfortunate that neuropathological studies, 
utilizing electron microscopy of the central 
nervous system, in cases of DDVP intoxica-
tion, are limited. Ahmed and Glees ( 1971 ) 
reported the occurrence of large number of 
laminated cytoplasmic inclusion bodies in the 
spinal cord neurons of hen intoxicated with 
tri-orthocresyl phosphate. Since hypo-
thalamus is concerned with reorganizing, 
recoding and redistributing instructions 
received from hippocampus into appropriate 
sympathetic and parasympathetic concomi-
tants of behaviour, and the hippocampus 
receives both adrenergic and cholinergic 
innervation ( Smythes, 1970), it would be of 
interest to analyze the ultrastructural changes 
in the rat hypothalamus and hippocampus, 
following subacute DDVP intoxication. 
Materials and Methods 
Twelve male albino rats ( 200-225 g ) 
obtained from the Central Drug Research 
Institute, Lucknow (India ), were kept oji an 
ad libitum pellet diet ( Hind Lever Labora-
tory Feeds, India). The pellet composition 
corresponded to nutritional standards 
recommended by the U. S. National Research 
Council's Publication No. 990 entitled 
" Nutritional Requirements of Laboratory 
Animals ". The experimental animals were 
divided into 2 groups of 6 each and 
maintained under standard laboratory 
conditions. The rats of the experimental 
group were administered 3 mg/kg, dichlorvos 
(DDVP, O, O-dimethyl 2:2-dichlorovinyl 
phosphate-Nuvan lOO EC, 96.3% purity, 
Ciba-Geigy India Ltd. ) intraperitoneally 
daily for 10 days. The controls were treated 
with normal saline in an identical manner. 
Accepted for publication on 23 rd February, 1979. 
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The brains of all the rats were fixed by 
perfusion-fixation with phosphate-buffered 
glutaraldehyde/paraformaldehyde solutions, 
prepared along the lines recommended by 
Karnovsky ( 1965 ). Two rats were anaes-
thetized at a time (one experimental and one 
control ) with intraperitoneal sodium pento-
barbital and perfused through the heart. The 
brains were removed from the cranium, 
taking care to avoid trauma. Small pieces 
of the hypothalamus and hippocampus were 
dissected out and were quickly immersed in 
the same fixative for 3 hr. at 4°C. The 
tissue was then rinsed in 0.1 M phosphate 
buffer ( p H 7.3) and post-fixed in 1 % 
osmotically adjusted osmium tetroxide for 1-2 
hr. After dehydration in graded series of 
alcohol, the material was embedded in a 
mixture of Araldite and Epon. The desired 
regions of the hypothalamus and hippocampus 
were sectioned (1 [j,m thick ) with an LKB 
Ultratome model Iir and stained with 
toluidine blue. Adjacent ultrathin sections 
were obtained from the areas of interest. 
They were stained with uranyl acetate 
(Watson, 1958 ) and lead citrate ( Reynolds, 
1963 ) and examined with a Hitachi HU II E 
electron microscope at an accelerating voltage 
of 75 KV. 
Results 
Clinical signs of toxicity included hyper-
excitability to tactile stimuli and occasionally 
fasciculation, convulsions and ataxia. 
During this study two rats of the experimental 
group died. The autopsied brains showed 
congestion of meninges and signs of minimal 
cerebral oedema were detectable. Brain 
weight of DDVP-treated rats did not differ 
significantly from that of the controls. 
Ultrastructural alterations in the 
hippocampus : The neurons of the hippo-
campus exhibited well-preserved nucleus and 
cytoplasm (Fig. 1 ). Electron-dense poly-
morphic bodies were prominently visualized 
in the vicinity of the nucleus. A few 
electron-dense bodies were clearly delimited 
by a single membrane and showed internal 
organization in the form of numerous small 
dense granules and electron-lucid areas 
( Fig. 2). Occasionally clumps of 5 to 6 
heterogeneous dense bodies were observed 
in the cytoplasm of hippocampal neurons 
(Fig. 3 ). When sections from the control 
and DDVP-treated material were examined 
alternately, an increase in the frequency of 
occurrence of dense-bodies in the latter was 
clearly discernible. 
Uhrastnictural changes in the hypo-
thalamus : Occasional electron-dense bodies 
exhibiting electron-lucid vacuolar profile 
were discernible in this region as well. 
However, no conglomerations of dense 
bodies were detected. Interestingly, an 
oligodendrocyte was found to contain an 
irregular dense body in the immediate vicinity 
of the nucleus ( Fig. 4) . Another note-
worthy feature of the DDVP-treated material 
was the evidence of edema around some 
axonal profiles (Fig. 5) and capillaries 
(Fig. 6 ). Although the mitochondria and 
synaptic vesicles were well-preserved in the 
axonal profile, the neighbouring astrocytic 
processes and dendrites presented a washed-
out appearance. The pericyte and basement 
membrane of the capillary did not differ 
significantly from the usual appearances noted 
in the control material. But here as well, 
the processes of astrocytes in its immediate 
vicinity appeared swollen and fragmented. 
Discussion 
The toxic effects of organophosphate 
pesticides are commonly explained on the 
basis of their ability to inhibit cholinesterase 
and to allow accumulation of acetylcholine 
at nerve-ending (Burns and Rand, 1965 ) 
They are of particular interest because of 
(i) increased application as insecticides to 
replace more environmentally and biologically 
id 
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persistent organochlorine pesticides and 
(ii) effects on nervous system of mammals 
(Koller, Exon and Roan, 1976). It is 
unfortunate that electron-microscopy has, 
so far, not been utilized to investigate the 
effects of organophosphates on different 
regions of the mammalian central nervous 
system. 
Following tri-cresyl phosphate intoxica-
tion, chromatolising spinal neurons were 
detected in the chick by Janzik and Glees 
(1966). Furthermore, Ahmed and Glees 
(1971) reported the increased occurrence of 
laminated cytoplasmic inclusion bodies in 
the spinal cord of tri-ortho-cresyl phosphate-
intoxicated hen. They postulated that 
phospholipids become unmasked during a 
degenerative process and arrange themselves 
in the form of laminated dense bodies. It is 
conceivable that the increased incidence of 
the granular and vacuolated electron-dense 
bodies observed in this study might represent 
a disturbance in the phospholipids. Since 
the rats used in this study were not older 
than 6 months, an age when lipofuscin is 
rarely discernible in neurons (Glees and 
Hasan, 1976), it is likely that these profiles 
represented altered lysosomes or ceroid. 
The function of lysosomal apparatus includes 
uptake, digestion and defaecation of macro-
molecules and organelles (Desnick, Thorpe 
and Fiddler, 1976). It represents the major 
site of intracellular digestion. Sequestration 
of intracellular materials is accomplished by 
autophagy (Novikoff, 1973). On the other 
hand ceroid pigment, associated with specific 
local or environmental factor, can be 
experimentally induced by toxic chemicals 
(.Glees and Hasan, 1976). It is considered 
to be the intermediate stage of auto-oxidizing 
lipid and lipofuscin. Recently Hasan, Bajpai 
and Shipstone (1977) have reported thallium-
induced increase of similar dense bodies in 
the rat area postrema. The other cell 
organelles, Golgi apparatus, rough endo-
plasmic reticulum and ribosomes, do not 
reveal significant alteration. The evidence 
of edema noted in the hypothalamus was the 
most remarkable feature of this region 
following DDVP-intoxication. Whereas the 
increased occurrence of variegated cytoplas-
mic dense bodies was the main evidence of 
DDVP-intoxication in the rat hippocampus, 
evidences of edema were discernible in the 
hypothalamus. Thus a regional heterogeneity 
in the manifestation of the toxic effects of 
DDVP was apparent. Further studies of 
other regions of the central nervous system 
in cases of chronic DDVP-intoxication 
should prove rewarding. 
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EXPLANATION OF FIGURES 
Fig. 1. Electron micrograph of part of a hippocampal neuron from DDVP-administered 
rat. Part of the nucleus (N) exhibiting a nucleolus ( arrow) is seen. A number 
of electron dense bodies are prominently seen in the perikaryon. X 19,500. 
Fig. 2. Part of nucleus (N) of hippocampal neuron and a dense body (arrow) limited by 
a single membrane are seen. Note the electron-dense granular profiles and an 
electronlucid vacuole within the dense body. 
Abbrev. G = Golgi zone, M Mitochondrion X 48,000. 
Fig. 3. Electron micrograph of part of the perikaryon of hippocampal neuron, 
the aggregation of variegated dense bodies. X 48,000. 
Note 
Fig. 4. A nuclear profile (N) of an oligodendrocyte is seen in the electron micrograph 
obtained from a DDVP-intoxicated rat hypothalamus. Noteworthy is the 
vacuolated dense body (arrow) in its immediate vicinity. X 36,000. 
Fig. 5. Electron micrograph exhibiting evidence of edema around an intact axonal 
profile ( a r r o w ) containing 3 well-preserved mitochondria and numerous 
synaptic vesicles. X 54,000. 
Fig. 6. Electron micrograph of the DDVP-intoxicated rat hypothalamus. Swollen 
astrocytic processes exhibiting disruption of internal organization are 
discernible in the vicinity of the pericyte (arrow). Part of the capillary lumen 
(L) is also .seen. X 22,200. 
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ULTRASTRUCTURAL AND BIOCHEMICAL CHANGES IN THE RAT 
SPINAL CORD FOLLOWING DICHLORVOS INTOXICATION 
MAHDI HASAN, S. FATEHYAB ALI A N D S. C. MAITRA* 
Brain Research Center 
Jawaharlal Nehru Medical College, Aligarh Muslim University, Aligarh—202 001 (India) 
•Electron Microscope Division 
C. D. R. I., Lucknow-226 001 (India) 
ABSTRACT—Asa result of an electron microscopic study of the spinal cord 
following dichlorvos administration (3 mgjkg body weight, i. p. for 10 days) supported with 
quantitative estimation of cholinesterase activity, the under-mentioned conclusions were drawn. 
1 - A dose-dependent inhibition of the cholinesterase activity was noted. 
2 - Remarkable increase in the electron density of some axonal profiles and the occurrence 
of myelin-figures in a few axons and dendrites were detected. 
3 - Electron dense bodies were significantly increased in the neuronal perikarya of the 
experimental rats. 
Dichlorvos (0, 0-dimethyl 2, 2-dichloro-
vinyl phosphate) is being used extensively in 
the field of agriculture due to its penetrant 
and volatile properties against pests, in house 
hold and public health programs and also in 
the disinfestation of the air crafts (Dikshith 
et al., 1976). Occupational poisoning is also 
common in workers engaged in synthesis, 
formulation and application of this insecticide. 
Statistics for 1969 indicate that 50 to 80% of 
the poisons detected in medico-legal cases in 
India belonged to organophosphorus and 
organochlorine group of pesticides (Bami 1971). 
It is well known that the organophosphorus 
compounds inhibit cholinesterase activity in 
the central nervous system and other parts of 
the body (Holmstedt, 1959). Some organophos-
phate produce delayed neurotoxic effects-
ataxia, weakness of limbs, muscle twitching 
and rigidity in man (Bidstrip et a l . , 1953), rat 
(Majno and Karnovsky, 1961) and other 
animals (Aldridge et a l . , 1969). These effects 
have been attributed to changes in peripheral 
nerves, degeneration or demyelination (Cava-
nagh, 1954). Ahmad and Glees (1971) reported 
the occurrence of a large number of lamina-
ted cytoplasmic inclusion bodies In the spinal 
cord neurons of hen Intoxicated with t r i -or tho-
cresyl phosphate. It is unfortunate that 
ultrastructural studies on the effects of dich-
lorvos on the rat spinal cord are singularly 
lacking. The main aims of the present investi-
—. 1 
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gation are : ( I ) to determine the neurochemi-
cal index of dichlorvos-intoxication by evalu-
ating cholinesterase activity in both the 
experimental and control groups (2) to find 
out the fine-structural alterations in the spinal 
cord following dichlorvos intoxication. 
Materials And Methods 
Animals : The animals in all experiments 
were male adult Charles Foster Strain rats 
( 200 ± 20 g. ) obtained from Central Drug 
Research Institute, Lucknow (India). They were 
kept on an ad libitum pellet diet (Hind Lever 
Laboratory Feeds, India) and water until the 
time of sacrifice. The pellet composition 
corresponded to nutritional standard recomm-
ended by the U.S. National Research Council's 
Publication No. 990 entitled "Nutri t ional 
Requirements of Laboratory Animals " 
Electron Microscopy Procedure : Twelve 
rats were divided into two groups of 6 each. 
Rats of group I were administered dichlorvos 
(DDVP : 0, 0-dimethyl 2, 2-dichlorovinyl phos-
phate, Nuvan-lOO EC, 96.3% purity, Ciba 
Geigy India Ltd.) 3 mg./kg. body weight intra-
peritoneally daily for 10 days and equal volu-
mes of physiological saline was concurrently 
injected to the second group. The brains of 
all the rats were fixed by perfusion fixation 
with phosphate buffered giutaraldehyde/para-
formaidehyde solutions, prepared along the 
lines recommended by Karnovsky (1965). Two 
rats were anaesthetised at a time (one experi-
mental and one control) with intraperitoneal 
pentobarbital and perfused through the 
heart. The vertebral canal was dissected out 
taking care to avoid trauma to the spinal cord. 
Small pieces of the spinal cord were quickly 
Immersed in the same fixative for 3 hrs. at 4°C. 
The tissue was then rinsed in 0.1 M Phosphate 
buffer (pH 7.3 and post fixed in 1% osmotically 
adjusted Osmium tetraoxide for 1-2 hrs. After 
dehydration in graded series of alcohol, the 
material was embedded in a mixture of Aral-
dite and Epon. The desired regions of the 
spinal cord were sectioned (I mu thick) v/ith 
an LXB Ultratome Model III and stained with 
toluidine blue. Adjacent ultra-thin sections 
were obtained from the areas of interest. 
They were stained with Uranyl Acetate (Wat-
son, 1958) and Lead Citrate (Reynolds, 1963) 
and examined with a Hitachi HUIIE electron 
microscope at an accelerating voltage of 75 KV. 
Biochemical Investigation : Animals were 
d\w\ded into four groups. Group (, 2 and 3 
consisting of 10 rats each, were administered 
dichlorvos in a dose of 0.6, 1.5 and 3.0 mg./ 
kg. body weight i. p. respectively daily for 10 
days. The fourth group comprised of 15 rats 
served as a control and was concurrently 
injected with equal volume of physiological 
saline. The animals were decapitated and 
their cervical spinal cord was dissected 
out in a cold room at a temperature of 
20 ± 2°C, weighed to the nearest milligram 
on a electrical balance ( 60 ± 20 mg ) and 
separately homogenized in chilled phosphate 
buffer (0.1 M ; pH 8.0). The activity of acetyl-
cholinesterase was assayed at 37°C according 
to the method of Hestrin ( 1 9 4 9 ) . It 
was expressed as mu moles acetylcholine 
hydrolysed/ gm. fresh tissue/hr. 
Statistical Analysis : The data were ana-
lysed statistically using Student's ' t ' test. 
Significant differences between the means of 
the treated and the control groups and the 
'P' values were calculated. 
RESULTS 
Clinical Observations : Clinical signs of 
toxicity included hyperexcitability to tactile 
stimuli and occasionally fasciculation, convul-
sion, and ataxia. General condition of the 
— 2 — 
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rats and sensation to pin prick otherwise 
remained normal. Rats of the control group 
did not show any abnormality. 
nieuropathological Description 
Gross Observations : The autopsied brain 
showed occasional congestion of meninges 
and signs of minimal cerebral oedema. Brain 
weight of dichlorvos-treated rats did not 
differ significantly from that of the controls. 
The ventricular system was bilaterally symme-
trical. Corona! sections at various levels also 
did not reveal any abnormality. 
Biochemical Findings 
The activity of acetylcholinesterase in 
the spinal cord after the administration of 
various doses of dichlorvos is presented in 
Table I. A dose - dependent inhibition of 
acetylcholinesterase was observed. When 0.6 
^i-l^i- or 1-5 rng./kg. dose of dichlorvos was 
given the cholinesterase activity was signifi-
cantly inhibited (P/0.C5). However, when the 
dose was increased to 3.0 mg./kg. the level 
' o f significance was correspondingly higher 
(P/O.OOI). 
Electron Microscopy 
Axons and Dendrites : Axons and dend-
rites of the control group revealed well pre-
served morphology. Axoplasm revealed charac-
teristic neurofilaments and mitochondria 
(Fig. I). Specimens of the experimental group, 
however, exhibited remarkable myelin figures 
in a few axons and dendritic profiles (Fig. 2). 
Synaptic membrane thickenings and vesicles 
were, however, well preserved (Fig. 3). Remark-
able increase In the electron density of some 
of the axonal profiles was apparent. In many 
instances the axonal profile was found to be 
stuffed with synaptic vesicles. A few mitochon-
dria were detectable within the dense axons 
(Fig. 4). On the other hand, normal axoden-
drit ic synapses were discernible in the control 
material (Fig. 5). The neurons of the control 
spinal cord revealed well defined nuclei, 
often containing nucleoli. The perikaryon was 
unremarkable except for the occasional 
presence of electron dense bodies (Fig. 6). 
The most remarkable feature of the dichlor-
vos-treated spinal neurons was, however, the 
increased incidence of pleomorphic electron 
dense bodies in the perikaryon (Fig. 7). Most 
of these organelle were uniformly electron-
dense but occasionally electron lucid vacuoles 
were also detected. 
DISCUSSION 
Our results indicate dose dependent 
inhibition of cholinesterase activity following 
dichlorvos administration. This index of 
neurotoxicity finds support in the ultra-
structural findings. Remarkable increase in 
electron-density of axons and the occurrence 
of myelin figures in dendrites are evidences of 
terminal degeneration in the neuropil. A l -
though laminated cytoplasmic bodies, as describ-
ed by Ahmad and Glees (1971) in the spinal 
cord neurons of hen, were not seen in our 
material. The occurrence of myelin figures 
in a number of dendrites apparently 
indicates membrane damage. Species 
difference in the toxic manifestations of 
organophosphates has already been reported 
(Glees, 1971 ) . Furthermore, Ahmad and 
Glees ( 1971 ) postulated that phospholipids 
become unmasked during a degenerative 
process and arrange themselves in the form of 
laminated dense bodies. The myelin-figures 
observed in the present investigation might 
represent unmasked phospholipids. Biochemi-
cal studies are underway in our laboratory to 
explore this possibility. Also, it is conceivable 
that increased incidence of the electron-dense 
3 — 
r. '^  
MAHDI HASAN , S. FATEHYAB ALI AND S. C. MAITRA 
bodies observed in this study might be 
associated with a disturbance of phospholipids. 
Since the rats used in this study were not 
older than 8 months, an age when lipofuscin 
is rarely discernible in neurons (Glees and 
Hasan, 1976), i t is lil<ely that these dense 
bodies represent lysosomes or ceroid. The 
function of lysosomal apparatus includes 
uptake, digestion and defaecation of macromo-
lecules and organelles (Desnick et al., 1976). 
On the other hand ceroid pigment, associated 
with specific local or environmental factor, 
can be experimentally induced by toxic 
chemicals (Glees and Hasan, 1976). It is 
considered to be the intermediate stage 
of auto-oxidising lipid and lipofuscin. Recently, 
Hasan et al. (1977 a)have reported the thallium-
induced increase of similar dense bodies in 
the rat area postrema and hippocampus ( Hasan 
et al., 1977 b). 
In view of the known toxicity of 
organophosphate pesticides it is suggested 
that great care should be taken while 
handling them during manufacture and field 
application. 
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Table 1 : — Effect of dichlorovos on acetylcholinesterase activity of rat spinal cord at various 
doses (Mean ± S. E. are expressed as moles of acetylcholine hydrolysed/g 
fresh tissue/hr. ) 
Dichlorvos 
mg./kg., i. p. 
daily for 
10 days 
3.0 
1.5 
0.6 
Control 
N = I5 
221 ± 37 
22! ± 37 
221 ± 37 
Experimental 
N = 10 
109 ± 14** 
142 ± 19* 
172 ± 27* 
/o 
Change 
— 50.6 
— 35.7 
— 22.17 
P 
Z 0.001 
Z 0.05 
Z 0.05 
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Explanation Of Figures 
Fig. I - Electron micrograph of myelinated axons of the 'control ' rat spinal 
cord. Note the preservation of the axoplasmic neurofibrils (arrow) X 26,120 
(Scale = I micrometer.) 
Fig. 2 - Electron micrograph obtained from a dichlorvos-treated rat spinal cord. (3 mg/kg, 
I. p. for for 10 days) showing increased electron-density of axons and a myelin-flgure 
within a dendrite (arrow) X 48,600 (Scale = 0.5 micrometer) 
Fig. 3- Electron micrograph of the neuropil of the experimental rat spinal cord 
myel in-f igures (arrows) in a dendron surrounded with axonal profiles X 33,600 
(Scale = I micrometer) 
Fig. 4 - Another electron-dense axon with a myelin-flgure (arrow) is seen in the electron 
micrograph obtained from a diciorvos-treated rat spinal cord X 48,600 (Scale = 0.5 
micrometer) 
Fig. 5- Electron micrograph of neuropil of the control rat spinal cord. Note the normal 
electron density of the axons and dendrites. Two axonal profiles (A) are seen in 
contact with a dendron. Note the well-preserved synapse (arrow) X 32,400 
(Scale = I micrometer) 
Fig. 6- Electron micrograph of part of a neuron of the control rat spinal cord. A nucleus 
(N) containing a nucleolus (arrow) is seen with one electron dense body in the 
vicinity of the nuclear membrane. X 12,000 (Scale = I micrometer) 
Fig. 7- Electron micrograph of a part of the perikaryon of a dichlorvos-treated rat spinal 
cord. Note the increased Incidence of electron-dense bodies, two showing electron 
lucid vacuoles (arrows) X 32,400 (Scale =^ I micrometer) 
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ORGANOPHCV^^PHATE PESTICIDE DICHLORVOS-INDUCED INCREASE 
IN THE RAlt OF LIPID PEROXIDATION IN THE DIFFERENT 
REGIONS OF THE RAT BRAIN: SUPPORTING ULTRASTRUCTURAL 
FINDINGS 
Mahdi Hasan and S. Fatehyab All 
Brain Research Center, lawaharlal Nehru Medical College, 
Aligarh Muslim University, Aligarh-202001 (India). 
Commonly used organofjhosphate pesticide dichlorvos is 
known to cause neurologic lesions. However, the exact mech-
anism of its neurotoxicity is, as yet, unclear. Using dose-de-
pendent inhibition of acetylcholinesterase activity as an index 
of its neurotoxicity, effects of three different doses of dichlorvos 
(0.6 mg, 1.5 mg, and 3.0 mg/kg body weight i.p. daily for W 
days) have been observed on the rate of lipid-peroxidation in 
the cerebrum, cerebellum and brain stem of albino rats. Simul-
taneously, electron microscopic study of the dichlorvos intox-
icated rat cerebellum was also carried out. Dose-dependent 
increase in the rate of lipid peroxidation was found in all the 
brain regions^ and increased incidence of lipotuscin-like pig-
ment granules was discernible in the Purkinje cells of the 
cerebellar cortex. 
INTRODUCTION 
Dichlorvos is an organophosphate pesticide having low systemic toxicity 
and hence is widely used. Organophosphate pesticides are of particular in-
terest because of (1) incresed application as insecticides to replace the more 
environmentally and biologically persistent organochlorine pesticides and (2) 
effects on the nervous systems of mammals (Roller et al., 1976). Lipid-perox-
idation is the reaction of oxidative deterioration of polyunsaturated lipids. 
Peroxidation involves the direct reaction of oxygen and lipid to form free 
radicals. The latter, produced during lipid-peroxidation, are similar to the 
chemically damaging radicals emanated by radiation (Tappet, 1970). Tissues 
most susceptible to lipid-peroxidation appear to be those with low mitotic rates 
such as the brain (Barber and Wilbur, 1959). It has also been reported that of 
the different tissues from the normal rat, the brain showed a considerably 
higher rate of lipid peroxidation than liver, kidney, spleen and heart homoge-
nates (Kartha and Krishnamurthy, 1978). Following organophosphate intoxica-
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l ion, configurational alteration of phospholipids has been postulated by 
Ahmad and Glees (1971). Their electron mircoscopic study revealed that the 
unnnasked phospholipids arranged themselves in the form of laminated dense 
bodies. This uitrastructural investiRation seems to be the only study to date 
implicating lipid rnetabolism in cases of organophosphate toxicosis. The abs-
ence in the literature of data on the effects of organophosphate-dichlorvos on 
the rate of lipid peroxidation prompted us to evaluate the results of the 
administration of different doses of dichlorvos on the rate of lipid-peroxidation 
in various regions of the rat brain and to correlate the findings with ultra-
structural observations. To establish an index of neurotoxicity of dichlorvos, 
estimation of acetylcholinesterase activity following the administration of three 
different doses of this organophosphate pesticide has also been undertaken. 
MATERIALS AND METHODS 
Animals Male albino rats of the Charles Foster strain weighing 150 ± 20 
g(60-90 days old) were used throughout this study. They received a pellet diet 
(Hind Lever Laboratory Feeds, India) and water ad libitum until the time of 
sacrifice. The pellet composition corresponded to nutritional standards recom-
mended by the U.S. National Research Council's Publication No. 999 entitled 
"Nutritional Requirements of Laboratory Animals." 
Biochemical Investigation 
Acetylcholinesterase estimation Animals were divided into four 
groups. Groups 1,2 and 3, consisting of 10 rats each, were administered 
organophosphate dichlorvos (DDVP; 0,0-dimethyl 2;2-dichlorovinyl phos-
phate, Nuvan 100 EC; 96.3% purity,Ciba-Geigy India Ltd.) in adoseof 0.6,1.5 
and 3.0 mg/kg body weight intraperitoneally (ip) respectively daily for 10 days, 
days. The fourth group, comprised of 15 rats, served as a control and was 
concurrently injected with an equal volume of phsiological saline. The animals 
were decapitated and their brains were dissected in a cold room at a tempera-
ture of 10-15°C, weighed to the nearest milligram in an electrical balance 
(200-500'mg) and separately homogenized in a chilled phosphate buffer 
(0.1M; pH 8.0). The activity of acetylcholinesterase was assayed at 37°C 
according to the method of Hestrin (1949). It was expressed as /nmoles acetyl-
choline hydrolzed/g fresh tissue/hr. 
Lipid-peroxidation Animals were divided into four groups of 10 rats 
each. Groups 1,2 and 3 were administered organophosphate-dichlorvos at a 
dose of 0.6, 1.5 and 3.0 mg/kg body weight ip respectively daily for 10 days. 
Group 4 served as a control and was sham injected with equal volumes of 
physiological saline ip concurrently. The animals were fasted overnight (allow-
ing water ad libitum), sacrificed by decapitation, and their brains were dissec-
ted into: cerebral hemisphere, cerebellum and brain stems, (in a cold room), 
and weighed to the nearest milligram on an elf i trical balance. All parts of the 
brains were homogenized (10% W/V) in chilled 0.15 M potassium chloride. 
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For assay of lipid-peroxidation, 1.0 ml of homogenales were intubated at 37° 
± r c in a metabolic shaker (120 strokes/min; amplitude 1 cm) for 3 hours. 
One ml of 10% VV/V trichloroacetic acid was addetl dml after thorough mixing, 
the reaction mixture was centrifuged at 800 G for 10 min. Samples (1 ml) of the 
clear supernatent fluid were mixed with 1 mlofO.67% WA^of 2-thiobarbituric 
acid and held in a boiling water-bath for 10 min, cooled and diluted with 1 ml 
distilled water. The absorbance of the solution was read at 5.J5 nm and results 
expressed as nanomoles of malonaldehyde formed/30 min using extinction 
coefficient 1.56 x 105 as described by Utely et a/., (1967). 
Electron microscopy Eighteen rats were divided into three groups of 6 
each. Rats of group 1 and 2 were administered dichlorvos 1.5 mg and i.O 
n!g/kg body weight ip respectively daily for 10 days and equal volumes of 
physiological saline were concurrently injected into the third group. The brains 
of all the rats were fixed by perfusion fixation with phosphate buffered glut-
araldehyde-paraformaldehyde solutions, prepared along the lines recom-
mended by Karnovsky (1965). Three rats were anesthetized at a time (two 
exf^^rimental and one control) with intraperitoneal sodium }jentobarbital (M) 
mg/kg body weight) and perfused through the heart. The brains were removed 
from the cranium, taking care to avoid trauma. Small pieces of cerebellum 
were dissected and were quickly immersed in the same fixative for 3 hr at 4°C. 
The tissue was then rinsed in 0.1 M phosphate buffer (pH 7.3) and fK>st-fixeci lu 
1% osmotically adjusted osmium tetraoxide for 1-2 hr. After dehydration in 
graded series of alcohol, the material was embedded in a mixture of araldite 
and epon. The desired regions of the cerel)ellum were sectioned (1 txm thick) 
with an LKB Ultratome Model III and stained with toluidine blue. Adjacent 
ultrathin sections were obtained from the area of interest. They were stained 
with uranyl acetate (Watson, 1958) and lead citrate (Reynolds, 196}) and 
examined with a Hitachi HU II E electron micrcjscope at an accelerating 
voltage of 75 KV. 
Statistical analysis The data were analysed statistically using Student's 
t-test. Significant differences between the means of the treated and the control 
groups were calculated and P' values were obtained. 
RESULTS 
Following the administration of dichlorvos to rats, signs such as hy|)erex-
citability to tactile stimuli and at times f.isciculations, convulsions and ataxia 
were observed. 
Gross observations The autopsied brain showed (K C asional t ongesiion 
of meninges and signs of minimal cerebral oedema. Brain weight ot duh-
lorvos-treated rats, however, did not difter signifi( antly trom that ot the t ontrol 
Coronal sec tions of the brain at various level did not reveal gross abnornialitv 
The venticular system was bilaterally symmetrical. 
I J '^ 46 HASAN AND Ail 
Biochemical Findings 
Acetycholinesterase Acetyliholinesierase activity in different regions of 
the rat brain, after the administraijon of various doses of dichlorvos, is pre-
sented In Figure 1. A dose-dependent inhibition of this enzyme was obsen/ed. 
Lipid-peroxidation The rate of lipid-peroxidation expressed as 
nanomoles of nnalonaldehyde formed/30 min In different regions of the rat 
brain following the administration of three doses of dichlorvos is presented in 
Table 1. /Administration of 0.6 mg dichlorvos/kg body weight significantly 
increased the rate of lipid peroxidation in the cerebellum { - 32%) and brain 
stem ( - 53%), but the increment in the cerebral hemispheres was insignificant. 
However, when the dose of dichlorvos was increased (1.5% mg/kg), the rate 
of lipid peroxidation also increased from 11 to 47% in the cerebral hemis-
phere, from 32 to 43% in the cerebellum and from 53 to 100% in the brain 
stem. Furthermore, at the dose of 3.0 mg dichlorvos/kg the rate of lipid 
peroxidation was correspondingly increased (P<0.001) in all the three regions 
of the brain when compared with the values of the control (Table 1). 
DOSE RESPONSE CURVE 
0€ 
DICHLORVOS 
(mg/kg Body Wti.p.) 
Daily for 10 Days 
FICUIC 1. Dose-dependt'nt curve of acetylcholinesterase after the administration of three different doses 
(0.6, 1.5 and 3.0 mg/kg fxxfy weight ip daily for 10 days) of dichlorvos. Activity of AChE expressed as n-
nK)les cetylcholine hydrolyse/g fresh tissue/hr. 
Electron microscopy Cerebellar neurons, particularly Purkinje cells, 
were chosen for the study of the effects of dichlorvos intoxication. The material 
obtained from the control animals did not reveal electron dense pigment in the 
neuronal perikarya. However, Purkinje cells of the animals who received 1.5 
mg dichlorvos/kg Ixnly weight exhibited electron dense pigment granules 
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revealing internal complexity in the form of a couple of translucent or almost 
translucent vacuoles (Fig. 2). The specimens obtained from the animals given 3 
mgdichlorvos/kg body weight daily for ten days showed a remarkable increase 
in the incidence of electron dense bodies. In the perikeryon of a Purkinje cells a 
string of 3 pleomorphic granules was observed (Fig. 3). 
DISCUSSION 
Our results indicate dose-dependent inhibition of cholinesterase activity 
following dichlorvos administration. This index of neurotoxicity finds support 
in the observation of dose-dependent increase in the rate of lipid peroxidation. 
The amount of malonic dialdehyde produced, as measured by thiobarbituric 
acid (TBA) assay, has been shown to be a true indicator of endogenous lipid 
peroxidation (Tappel and Zaikin, 1960). The brain homogenate has appar-
tently the necessary unsaturated fatty acid and the catalysts for peroxidation in 
the architecture of the cell itself which are readily available for reaction with 
molecular oxygen to undergo lipid peroxidation. Peroxidation involves the 
direct reaction of oxygen and lipid for form free radical intermediates and to 
produce semlstable peroxides. Lipid peroxidation is damaging because of the 
subsequent reactions of free radicals, mainly peroxy radicals, that are pro-
duced (Tappel, 1970). Biomembranes and subcellular organelles are the major 
sites of lipid peroxidation damage. At least two systems are important for 
uncontrolled lipid peroxidation. These systems rely on selenium and Vitamin 
£, resfjectively, and form the basis for hypotheses concerning the antioxidant 
functions of these nutrients (Combs et al., 1975). Hoeks'.ra (1975) has shown 
that the organophosphate, tri-o-cresyl phosphate, interferes with selenium and 
glutathion peroxidase. It appears likely that a similar mechanism operates in 
the dichlorvos-induced increase in the rate of lipid peroxidation observed in 
the present investigation. The similarity of peroxidation end product to electron 
dense pigment granules has been verified by Chio et al., (1969) on the basis that 
lipid peroxidation of subcellular organelles gives fluorescent products with 
fluorescene and excitation spectra similar to those of lipofuscin pigment. Since 
rats used in the present study were not older than 3 months, an age when 
lipofuscin, as a result of aging process, is hardly discernible in neurons (Glees 
and Hasan, 1976) it is apparent that the pigment bodies represent dichlorvos-
induced alterations in the lysosome mitochondrial complex. Of importance to 
cellular damage is the lability of lysosomal membranes to rupture with concur-
rent release of an array of hydrolytic enzymes with capacity to initiate cellular 
digestion and catabolism (Tappel, 1970). The increased incidence of pleo-
morphic electron dense bodies observed in the present study appears to be the 
end result of the increased lipid peroxidaion consequent upon dichlorvos 
intoxication. Recently, Spoerri and Glees (1979) have reported similar increase 
of electron dense bodies, labelled by them as lipofuscin, following intoxication 
with another organophosphate compound TOCP (Triorthocresyl phosphate) in 
the hen. The view that rodents are peculiarly insensitive to the action or 
organophosphorus esters (Johnson, 1976), needs revision in the light of the 
dose-dependent inhibition of acetylcholinesterase activity reported here and 
}. 'J ' 
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the remarkable depression of locomotor activity followng dichiorvos Intoxica-
tion in rats obsered by All ef a/., (1980). Additionally, in a group of rats, 
interesting concordance of open field behavioral changes with alterations in 
regional brain monoamine levels has also been reported (All et a/., 1980). 
Furthermore, increased incidence of electron dense polymorphic bodies in the 
neuronal perikarya of the rat hippocampus and hypothalamus consequent 
upon dichiorvos toxicosis (Hasan et a/., 1979) lends additional support to the 
present findings. 
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Effects of an Organophosphate (Dichlorvos) on Open Field Behavior 
and Locomotor Activity: Correlation with Regional Brain Monoamine Levels 
S. Fatehyab Al i \ Om Chandra^, and Mahdi Hasan' 
' Brain Research Center, Jawaharlal Nehru Medical College, Aligarh Muslim University, Aligarh 202001, India 
^ Department of Pharmacology, Jawaharlal Nehru Medical College, Aligarh Muslim University, Aligarh 202001, India 
Abstract. Dichlorvos (0,0-dimetiiyl-2:2-dichlorovinyl 
phosphate) was administered IP (3mg/kg) daily for 
10 days to a group of albino rats. Open field behavior 
was significantly depressed below the mean of the 
control group. On day 7, ambulation was reduced to 
24% of the mean but recovered to 60% on day 10. 
Similarly, rearing response was decreased on day 7 and 
showed a fast recovery on day 10 but the preening 
response further declined on day 10. Defecation, on the 
contrary, was suppressed to 0 % on day 7 and showed 
complete recovery on day 10. Motor activity showed a 
significant depression and fine movements were re-
duced more than gross movements in the second phase. 
Dopamine was significantly decreased on days 5 and 7 
but showed a 13 % recovery in the brain stem on day 10. 
Norepinephrine was significantly reduced in the cere-
bral hemisphere while serotonin was decreased both in 
cerebral hemisphere and brain stem. Neither of these 
two amines showed significant recovery on day 10. 
Interesting concordance of the open field behavioral 
changes with the levels of dopamine, norepinephrine, 
and serotonin in the various regions of the rat brain was 
noticeable and has been discussed. 
Key words: Dichlorvos — Albino rat — Open field 
behavior — Motor activity — Dopamine — 
Norepinephrine — 5-HT 
Dichlorvos (DDVP) (0,0-dimethyl-2:2-dichlorovinyl 
phosphate) is being increasingly used as a contact and 
systemic pesticide, due to its penetrant and volatile 
properties, in agriculture, in the household, and in 
public health programs. Statisfics for 1969 indicate that 
50 — 80% of poisons detected in medicolegal cases in 
India belonged to the organophosphorus and organo-
Offprint requests to: M. Hasan 
chlorine group of pesticides (Bami, 1971). Toxicologic 
data indicate that dichlorvos induces symptoms-'which 
mimic stimulation of the parasympathetic nervous 
system. Dichlorvos is known to inhibit cholinesterase 
and increases the concentration of acetylcholine (ACh) 
which in turn may stimulate the release of catechol-
amines (CA) (Burn and Rand, 1965). Hence, it is hkely 
that dichlorvos may also influence the monoamine 
concentration in the brain and might also be acting 
through this mechanism in producing its central toxic 
effects and behavioral side effects. Another sulphur-
containing organophosphate, parathion, has been 
shown to alter the turnover and levels of dopamine 
(DA) and norepinephrine (NE) in varying concen-
trations in different parts of the brain (Fiscus and Van 
Meeter, 1977). Experimental toxicity studies show no 
reports on the dichlorvos effect on levels of NE, DA, 
and 5-hydroxytryptamine (5-HT) in the different re-
gions of the rat brain. The brain is a heterogeneous tissue 
both anatomically and functionally. This heterogeneity 
is of great importance in the evaluation and in-
terpretation of biochemical findings (Hertz, 1969). 
Recent studies of the dichlorvos effect on the putative 
amino acid neurotransmitters have revealed a decre-
ment of taurine and GABA concentration in different 
regions of the rat brain (Ali and Hasan, 1977). It is well 
known that changes in biochemical mechanisms and 
amine concentrations in different regions of the brain 
are made manifest in varying disorders and changes in 
behavior, including motor activity, and a number of 
psychoactive drugs are known to produce such changes 
(Taylor and Snyder, 1971; Thornburg and Moore, 
1972; Benkert et al., 1973). A connecfion with ste-
reotyped behavior induced by Dopa in various exper-
imental animals by increasing the concentration of DA 
in the specific centers of the extrapyramidal system is 
assured (Scheel-Kruger and Randrup, 1967). 5-HT is 
known to be associated with increased motor activity 
(Scheckel et al., 1969). In view of these findings the 
0033-3158/80/0068/0037/$01.20 
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present study was undertaken to demonstrate the 
possible effects of dichlorvos on open field behavior 
and motor activity and to correlate these effects with 
changes m the levels of DA, NE, and 5-HT in cerebral 
hemisphere, cerebellum, and brain stem of the rat 
Materials and Methods 
Suhjew; Male albmo rats of the Charles Foster strain (200 + 20 g) 
were used for all studies They received pellet diet (Hindustan Lever 
Laboratory heeds, India) and water ad libitum Illumination in the 
colony room was maintained on a 12-h light cycle The animals were 
housed in groups of five m plastic cages (30 x 22,5 x 15 cm) 
Drug The drug used in the study was dichlorvos (DDVP) 
(0,0-dimethyl-2 2-dichlorovinyl phosphate, Nuvan 100EC, purity 
96 3 %, Ciba-Geigy India) The drug was dissolved in normal saline 
and administered IP in a dose of 3 mg/kg body weight 
Open Field Test The apparatus used for the open field test was similar 
to that used by Holland and Gupta (1966) Briefly, it consisted of a 
wooden, circular open arena (82 cm diameter) enclosed by a wall 
31 cm high The wooden floor was maiked with three concentric 
circles which were divided into segments by lines radiating from the 
center These 25 units of approximately equal size were used to score 
ambulation of the animals in the arena during the test In the open 
field test, two types of stimuli were presented to the animals White 
noise (78 dB, Ref intensity 0 0002 dyn/cm^) was presented by a 
oscillator through four loudspeakers and light (165 footcandle) was 
produced by four photographic lamps A translucent glass screen 
enclosed the arena on all the sides, the front side having a glass door 
thi ough which the subject was placed in the arena and the rat was 
observed Ambulation, rearing, and preening responses were re-
corded by a three-channel hand-operated counter The ambulation 
response was defined as a walking score derived from the number of 
radial segments crossed by the subject The placement of all four 
limbs in one segment was taken as one unit of ambulation A rearing 
score of 1 was awarded when the rat stood on its hind limbs with the 
suppoit of the wall and 2 for standing without support Preening 
response was determined by the number of times the animal scratched 
its face with its forelimbs Defecation score was the number of fecal 
boluses deposited by the animal on the floor during the test 
The experimental design for the open field test was comprised of 
two groups often rats each Dichlorvos was administered m a dose of 
3 mg/kg IP daily for 10 consecutive days to group 1 Concurrently, the 
same volume of physiological saline was administered IP to rats of 
group 2 An absorption peiiod of 15 mm was allowed in the home 
cage before the animal was exposed to the test Each animal was 
tested daily for 2min and the ambulation, rearing, preening, and 
delecation scores were recorded 
Motoi Activity Motor activity was recorded on two Animex Activity 
Meters (LKB-FARAD, type DS, Sweden) Bach activity meter, 
which were preadjusted to the same sensitivity, consisted of six 
circular electromagnetic fields Each rat was put in the Plexiglas cage 
on top of the meter When it crossed the electromagnetic field, a count 
was lecoided on the Animex recordei which was connected to the 
metei The total count foi each minute was printed The activity 
meter was placed in a ventilated soundproof lighted chamber 
(10 X 5 X 4ft) The temperature of the chamber was kept constant 
thi oughout the experiment The recoi dcrs were placed m a separate 
soundproof chamber 
Two gioups of ten lats each were used foi recoiding motor 
activity One group seived as contiol and was injected daily with 
0 2 ml/100 g body weight physiological saline IP The other group was 
admmisteied the same volume of dichlorvos (3 mg/kg) daily for 
10 days Motor activity was recorded each day for 4 h in both groups 
The two channels of the activity meters were adjusted to different 
sensitivities so that one channel recorded only gioss movements and 
the other the total movements The difference of the two showed the 
record of fine movements 
Detei mination of Monoamines The determination of NE, DA, and 5-
HT was carried out on a Zeiss C spectrofluororaeter (Carl Zeiss, West 
Germany) The fiuorescence of monoamines was recorded on the 
following excitation and emission wave lengths, respectively NE, 400 
and 510, DA, 335 and 380, and 5-HT, 295 and 535 
Animals were divided into five groups of ten i ats each Groups 
1,2,3, and 4 were administered dichlorvos (3 mg/kg IP) for 3, 5, 7, 
and 10 days, respectively, and then killed for the determination of 
monoamines Group 5 served as a control and was concurrently 
injected with an equal volume of physiological saline The animals 
were decapitated after 3, 5, 7, and 10 days and their cerebral 
hemisphere (telencephalon, rhinencephalon, and diencephalon), cer-
ebellum, and brain stem (medulla, pons, and midbrain) were rapidly 
dissected out m a cold room (20 + 2°C) They were weighed to the 
nearest milligram and separately homogenized 
Extiaclion Extraction of CA and 5-HT was done by the method of 
Welch and Welch (1969) except that the shaking time at each solvent 
extraction was increased to 20 mm The temperature throughout 
these operations was 20 —25°C 
All the reagents used were of analytical grade Stock solutions of 
DA (Merck, Germany), NE, and 5-HT (Sigma) were prepared in 
OOlNHCl and stoied in a deep freeze The homogenate of the 
different regions of the brain was prepared m 3 ml cold 0 01 N HCl to 
which 0 1 ml 10% EDTA was added Control and recovery experi-
ments were simultaneously performed 
Statistical Analysis The data were analysed using Student's Mest 
Significant differences between means of treated and control groups 
were calculated and P values were obtained 
Results 
Dichlorvos administered IP (3 mg/kg) produced no 
significant behavioral disorder However, mild irrita-
bility, salivation, muscular twitches and sedation were 
occasionally observed There were no significant differ-
ences in body weights or appetite over the 10-day drug 
period 
Open Field Behavior In the open field experiment, 
ambulation, rearing, preening, and defecation scores 
were depressed after dichlorvos treatment (Figs 1—4) 
Ambulation showed a mean control value of 22 0 
+ 30 This was progressively reduced with a peak 
depression (2 60 ± 0.42) on day 7 which was 12 % of the 
control value (Table 1) On day 10, ambulation, though 
significantly depressed, showed a recovery to 30 % of 
the control values when compared to the depression on 
day 7 Rearing response was markedly reduced 
{P < 0 001) to 2 % of controls on day 7 and, similar to 
ambulation, showed a recovery to 18 % on day 10 The 
mean preening scores were not reduced on days 3 and 5 
From day 6 onwards there was a progressive decrease in 
the preening score, which was highly significant 
{P < 0 001) on day 10 Defecation showed patterns 
similar to ambulation and rearing with a maximum 
reduction on day 7 (Fig 4) 
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Table 1. Ambulation, rearing, and preening scores after dichlorvos treatment (3 mg/kg IP) and the effect as pei cent of mean on days 3,5,7, and 10 
Ambulation Rearing Preening 
Control 
Day 3 
Day 5 
Day 7 
Day 10 
Mean ± SE 
22 00 + 3 00 
20 80 + 2 78 
11 00 ± 2 47" 
2 60 + 0 42° 
6 50 ± 1 eo*-
Percent of mean 
100 
95 
50 
12 
30 
Mean ± SE 
11 00 + 2 80 
9 00 + 1 26 
2 80 + 0 87» 
0 25 + 0 06= 
2 00 ± 0 21'' 
Percent of mean 
100 
81 
25 
2 
Mean ± SE 
15 40 + 2 86 
15 90 + 2 88 
1610 + 291 
4 25 ± 0 96" 
Percent of mean 
100 
103 
104 
28 
Significantly different from controls, P < 0 05 
Significantly different from controls, P < 0 01 
Significantly different from controls, P < 0 001 
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Fig. 1. Effects of dichlorvos (3 mg/kg IP) on ambulation score during 
the open field test of albino rats (2-min daily periods for 10 days) 
Placebo group treated with physiological saline IP daily for the same 
period Value of each day is the mean + SE of ten animals 
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Fig. 3. Effects of dichlorvos (3 mg/kg IP) on preening score dui ing 
the open field test of albino rats (2-min daily periods foi 10 days) 
Placebo group treated with physiological saline IP daily for the same 
period 
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Fig. 2. Effects of dichloivos (3 mg/kg IP) on i caring score during the 
open field test of albino rats (2-min daily periods for 10 days) Placebo 
gi oup treated with physiological saline IP daily foi the same period 
Placebo 
Dichlorvos 
3 A 5 6 7 
Days • 
Fig.4. Effects of dichloivos (3mg/kg IP) on the defecation scoie 
during the open field test of albino lats (2-min daily periods foi 
todays) Placebogiouptieated with physiological saline IP daily for 
the same period 
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Table 2. Percent alteration in motor activity after dichlorvos adminis-
tration (3 rag/kg IP) as compared with the control value on the same 
day (control taken as 100%) 
Days Total 
movements 
Gross 
movements 
Fine 
movements 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
- 5 
+ 14 
- 2 8 " 
- 3 8 -
- 3 2 " 
_47b 
- 5 0 ' 
- 4 9 ' 
-37° 
- 1 6 
+ 14 
+ 24 
- 3 0 " 
- 3 7 " 
- 3 3 " 
- 4 5 " 
- 6 9 ' 
- 5 3 " 
- 3 4 " 
- 7 
- 1 2 
+ 7 
- 2 9 " 
- 4 0 " 
- 3 1 " 
- 4 7 " 
- 4 4 " 
- 4 7 " 
- 3 8 " 
- 1 9 
Significantly different from controls, f < 0 05 
Significantly different from controls, P < 0 01 
Significantly different from controls, P < 0 001 
Motor Activity. The first 2 days of drug treatment did 
not produce changes in motor activity. Significant 
reduction was observed from day 3 onwards with a 
peak decrease in activity on the day 7 (Table 2). This 
decrease was more pronounced in the gross movements 
(P < 0.001) as compared to the fine movements 
(P < 0.01). After day?, activity showed a gradual 
recovery in spite of continued drug treatment. As 
shown in Table 2 and Fig. 5, the depression in motor 
activity was not significant on day 10 when compared 
to controls. 
Determination of Monoamines. All three monoamines 
in the experiment showed a similar pattern. DA was 
significantly decreased both on days 5 and 7 in the 
cerebellum and brain stem, whereas in the cerebral 
hemisphere the decrement was observed only on day 7. 
On day 10 there was almost no change in the DA 
concentration in the cerebral hemisphere and cerebel-
lum but there was a recovery of 13 % in the brain stem, 
although it was not statistically significant compared 
with its value on day 7. NE was significantly reduced in 
the cerebral hemisphere on day 7 and there was no 
recovery on day 10. There was no significant change in 
the level of NE in the cerebellum and brain stem. 5-HT 
was significantly reduced in the cerebral hemisphere on 
days 7 and 10 and in brain stem days 5, 7, and 10 
(Table 3). 
Discussion 
The findings of this study pertaining to open field 
behavior following daily administration of dichlorvos 
(3 mg/kg) indicate variable depressant effects on ambu-
lation and rearing with a peak effect on day 7. As shown 
in Table 1, ambulation was reduced to 12 % of the mean 
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Placebo (ABC) 
Total movements 
Fine movements 
Gross movements 
1 2 3 i 7 8 9 10 5 6 
Fig. 5. Total, fine, and gross movements of albino rats when placed on 
activity meter for 4h (10a m — 2p m.) daily for 10days after 
administration of dichlorvos (3 mg/kg IP) A,B, and C are the control 
values of the total fine and gross movements of rats treated with 
physiological salme IP daily 
on day 7 and increased to 30% on day 10. This cor-
responds well with the peak decrease in amine con-
centration in different parts on the brain on day 7 and 
subsequent recovery on day 10. Rearing shows a max-
imum depression of 98 % on day 7 which, however, 
increases to 18 % of the mean on day 10. This correlates 
well with the concept that brain DA plays an important 
role in complex stereotypy, i.e., rearing (Kulkarni and 
Dandiya, 1972), and also with DA content, particularly 
in the brain stem as determined on days 3, 5, 7, and 10 
after dichlorvos in our experiments (Table 3). Preening 
is a behavioral response which is said to decrease with 
drugs causing stimulation of ambulation and rearing 
and vice versa. In our experiments, preening also shows 
depression to 72% on day 7 but, contrary to ambu-
lation and rearing, it shows a further decrease to 86 % 
on day 10. This suggests that the preening response has 
no correlation with DA, NE, and 5-HT levels in the 
brain. Depression of preening response has been said to 
be a behavioral correlate of cortical stimulation and has 
been shown to be depressed by drugs like amphetamine 
and anddepressants (Gupta et al., 1971b). In our 
experiments, the central nervous system (CNS) depres-
sant dichlorvos depresses all open field parameters 
concurrently with a decrease in the concentration of 
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Tables Levels of dopamine, norepinephrine, and 5-HT in different regions of the rat brain (expressed as jig/g fresh weight, mean + SE) after 
dichlorvos administration (3 mg/kg IP daily) 
Monoamine 
Dopamine 
Norepinephrine 
5-1 IT 
Monoamine 
Dopamine 
Norepinephrine 
5-HT 
Monoamine 
Dopamine 
Norepinephrine 
5-HT 
Cerebral hemisphere 
Controls, A'= 10" 
0 430 ± 0 040 
1 626 ± 0 099 
0 446 ± 0 057 
Cerebellum 
Dichlorvos 
Controls, A'= 10 
0 292 ± 0 036 
1 257 ± 0 204 
0 376 ± 0 063 
Brain stem 
Dichlorvos 
Controls, yv = 10 
0 357 ± 0 047 
1 022 ± 0 127 
0 403 ± 0 030 
Day 3, A' = 6 
0 499 4- 0 039 
( - 7 ) ' 
1 424 -1- 0 101 
( -12) 
0 389 -1- 0 046 
( -13) 
Day 3, iV = 6 
0 256 -1- 0 032 
( -12) 
1 268 -1- 0 216 
(+1) 
0 370 + 0 065 
( - 2 ) 
Day 3, Af = 6 
0 345 -F 0 045 
( - 3 ) 
0 955 -1- 0 104 
( - 7 ) 
0 358 -)- 0 029 
( -11) 
Day $,N=6 
0 370 -1- 0 036 
( -14) 
1 236 -1- 0 096 
( -24) 
0 360 + 0 040 
( -19) 
Day 5, A? = 6 
0 210 -1- 0 029" 
( -28) 
1 040 -)- 0 121 
( -17) 
0 331 ± 0 051 
( -12) 
Day 5, A' = 6 
0 260 -H 0 034" 
( -27) 
0 868 -1- 0 096 
( -15) 
0 276 -1- 0 028 
( -32) 
Day 7, A'= 10 
0 285 -1- 0 037" 
(-34) 
0 848 -f 0 091" 
( -48) 
0 295 + 0 039" 
( -34) 
Day 7, A' = 10 
0195 -1- 0 026" 
(-33) 
0 979 4- 0 016 
( -22) 
0 312 + 0 041 
( -17) 
Day 7, A? = 10 
0 178 + 0 018" 
( -50) 
0 761 -1- 0 081 
( -25) 
0 209 -1- 0 034'' 
( -48) 
Day 10, A'= 10 
0 291 + 0 034" 
( -32) 
0 818 + 0 085" 
( -50) 
0 281 + 0 035 
( -36) 
Day 10, A'= 10 
0 183 + 0 021" 
( -37) 
0 965 -1- 0 014 
( -23) 
0 291 -1- 0 032 
( -22) 
Day 10, A '=10 
0 224 -1- 0 029" 
( -37) 
0 801 -1- 0 095 
( -21) 
0 201 -1- 0 026" 
( -50) 
" Significantly different from controls, P < 0 05 
" Significantly different from controls, P < 0 01 
' Figures in parentheses indicate percent inhibition compared to controls 
" A' indicates number of animals used in each experiment 
DA, NE, and 5-HT The defecation response sharply 
decreased on day 7 and it may be presumed, m accor-
dance with the hypothesis of Gupta et al (1971 a), that 
dichlorvos suppresses the nervous loci of the posterior 
hypothalamus, which controls the reactivity of the 
sympathetic nervous system 
It is generally believed that NE levels in the brain are 
responsible for the motor hyperactivity in rats under 
various experimental conditions (Matussek and 
Ruther, 1965) An increase in motor activity also occurs 
after dopa injection under certain conditions when DA 
level rises in the brain, while the NE increase is hardly 
significant (Goodwin et al , 1970) 5-HT and other CA 
metabolites have also been said to account for increased 
motor activity (Scheckel et al , 1969) Our motor 
activity results are well in accordance with these 
authors, as the decrease in motor activity and depletion 
of NE, DA, and 5-HT levels also run parallel The gross 
42 Psychophdrmacology 68 (1980) 
and fine movements are equally and simultaneously 
affected compared with controls Motor activity starts 
returning to normal after a peak effect on day 7 This 
corresponds with studies on fowls where it has been 
reported that dichlorvos has a transient and not a 
cumulative effect on the CNS when given repeatedly 
over 2 —3 weeks (Ciba-Geigy monograph, 1971) We 
have, so far, not come across any study m which bram 
levels of CA and 5-HT have been estimated after 
dichlorvos m rats 
^In the present study, dichlorvos significantly re-
duced DA, NE, and 5-HT m the cerebral hemisphere, 
cerebellum, and brain stem This reduction may be due 
to a central cholinei gic excitation caused by accumu-
lation of ACh due to drug-induced cholinesterase 
inhibition (Tracy et al , 1960) This is in accordance 
with the findings of Fiscus and Van Meeter (1977) m 
which another cholinesterase inhibitor, parathion, was 
shown to decrease NE and DA levels in the rat bram 
due to cholinesterase inhibition Partial or complete 
inhibition of the rate-limiting enzyme tyrosine hy-
droxylase may also be responsible for the suppression 
of NE and DA concentration as produced by physo-
stigmme (Carlsson, 1974) Suppression of biogenic 
amine levels m the rat bram seems to correlate with the 
behavioral depression and simultaneous decrease m 
amine concentration on day 7 and subsequent recovery 
of both leads us to think positively of this pattern It is 
difficult to explain why the recovery starts after day 7 in 
the DA concentration and ambulation, rearing, and 
defecation Other studies with dichlorvos in experimen-
tal animals show that cholinesterase inhibition is max-
imum on day 7, and also that the effect of dichlorvos on 
the nervous system in rats in transient and not cumu-
lative when the drug is administered daily for 2 — 3 
weeks (Ciba-Geigy monograph, 1971) These findings 
are m agreement with our results and may explain the 
recovery phase after day 7 of drug treatment 
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SURFACE ULTRASTRUCTURAL ALTERATIONS IN THE THIRD VENTRICULAR 
EPENDYMA FOLLOWING ORGANOPHOSPHATE PESTICIDE DICHLORYOS 
ADMINISTRATION IN THE RAT : SCANNING ELECTRON MICROSCOPY 
MAHDI HASAN, S. FATEHYAB ALI AND S. C. M A I T R A * 
Brain Research Centre 
Jawaharlal Nehru Medical College, Aligarb Muslim University, Aligarh (India) 
* Electron Microscope Division 
C. D. R. I., Lucknow (India) 
ABSTRACT — Scanning electron microscopy of the third ventricular ependyma 
following dichlorvos administration (3 mg j kg body weight, i. p. daily for 10 days ) 
revealed, following findings : 1. Ciliary density was markedly reduced in the 
experimental rats. 2. Globular, and often irregular, surface specializations replaced the 
clumps of cilia observed in the control animals. 3. Evidence of possibly increased secretory 
activity was discernible in the third ventricular ependyma of the experimental rats. 
INTRODUCTION 
Increased application of organophos-
phate pesticides, as insecticides to replace 
tlie more environmentally and biologically 
persistent organochlorme pesticides, has 
been the subject of renewed interest. Dich-
lorvos (O, O-dimethyl, 2. 2- dichlorovinyl 
phosphate) is being extensively used in 
agriculture, in household and in public 
health programmes due to its penetrant and 
volatile properties against pests (Dikshith 
et al., 1976). Significant lowering in the 
concentration of dopamine in the cerebral 
hemisphere, cerebellum and brain stem 
and of the norepinephrine in the cerebral 
hemisphere alone, has been observed (All 
et al, 1979). Interesting concordance of 
open field behavioural changes with the 
the levels of dopamine, norepinephrine and 
serotonin in various regions of the rat brain 
following dichlorvos administration has 
recently been recorded (Ali et al., 1980). 
Since biogenic amines are known to be 
present in varying concentration in the 
cerebrospinal fluid, it would be of great 
practical interest to find out whether 
alterations in the surface morphology of the 
ventricular ependyma, particularly that of 
the third ventricle in the region of the 
hypothalamus, can be detected. This finding 
may indirectly signify the possibility of 
4 r^ , C> 1 J 0 
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increased liberation of secretory products 
through the ventricular ependyma into 
the C. S. F.. The present study has been 
planned with this particular aim in mind. 
MATERIAL AND METHODS 
Twelve male albino rats (200 + 20 g) 
obtained from the Central Drug Research 
Institute, Lucknow (India), were kept on an 
ad libitum pellet diet (Hind Lever Laboratory 
Feeds, India). The experimental animals 
were divided into 2 groups of 6 each 
and maintained under standard laboratory 
condition. The rats of the experimental 
group were administered 3 mg/kg, dichlorvos 
(DDVP; 0,0-dimethyl 2:2-dichlorovinyl 
phosphate—Nuvan 100 EC, Ciba Geigy India 
Ltd.) intraperitoneally daily for 10 days. The 
remaining controls were treated with 
physiological saline in an identical manner. 
The brains of all the rats were fixed by 
perfusion-fixation with phosphate-buffered 
glutaraldehyde/paraformaldehyde solutions, 
prepared along the lines recommended by 
Karnovsky (1965). Two rats were anaesthe-
tized at a time (one experimental and one 
control) with intraperitoneal sodium pen-
tobarbital (Nembutal) and perfused through 
the heart. The brains were removed from 
the cranium, taking care to avoid trauma. 
The third ventricle was extosed and pieces 
of hypothalamus were quickly removed and 
fixed by immersion in 4 % glutaraldehyde 
in O.I M-cacodylate buffer at pH 7.3 for 
3 hr. The tissue was subsequently washed 
overnight in O.I M-cacodylate buffer. 
Dehydration was accomplished using increa-
sing strengths of alcohol and then amyl 
acetate, followed by critical point drying 
using C02 as the drying liquid (Balzers 
critical point drier). The specimens were 
mounted on aluminium stubs and vaccum 
coated with gold in a sputtering device 
(Polaron E-5,000). Al l specimens were 
examined in a Cambridge Stereoscan 180 
scanning electron microscope, and images 
were recorded photographically. 
OBSERVATIONS 
Clinical observations: Following the admi-
nistration of dichlorvos to rats, signs such 
as hyperexcitability to tactile stimuli and 
occasionally fasciculations, convulsions and 
ataxia were observed. Rats of the control 
group did not show any abnormality. 
NEUROPATHOLOGICAL DESCRIPTION 
Gross Observations: The autopsied brain 
showed occasional congestion of meninges 
and signs of minimal cerebral oedema. But 
the brain weight of the dichlorvos treated 
rats did not differ significantly from the 
controls. The ventricular system was 
bilaterally symmetrical. Coronal sections 
at various levels also did not reveal any 
gross abnormality. 
SCANNING ELECTRON MICROSCOPY 
Ciliated ependymal cells constitute the 
epithelial lining of the ventricles of the 
brain. However, structural specializations 
are found in several locations. In the lateral 
wall of the third ventricle, the ciliary density 
is progressively diminished as one scans 
from the dorsal to middle third and in the 
ventral third towards the floor, the cilia 
are gradually replaced by globular excres-
cences and apical blebs. The middle th i rd 
of the lateral wall of the third ventricle of 
the control rats exhibited evenly dispersed 
clumps of cilia interspersed with large areas 
SEM OF DICHLORVOS TREATED EPENDYMA 
showing isolated cilia and a dense knap of 
microvilli (Fig. I). Following 10 days of 
dichlorvos administration, a remarkable 
decrease in the clumps of cilia was detected. 
Interestingly, globular protruberances and 
apical specializations of the microvilli, appa-
rently indicating increased secretoty activity, 
were descernible (Fig, 2). 
DISCUSSION 
The hypothalamic ependymal layer as a 
whole, according to Bleier (1977), reflects 
in its morphology changing metabolic states 
of the animal. The functional significance 
of the regional differences in the surface 
ultrastructure has been discussed in relation 
to C. S. F. movement, ependymoabsorption 
and ependymosecretion (Kozlowski et al., 
1973). Since dichlorvos is known to cause 
depletion of regional brain monoamines 
and concomitant depression of open field 
behaviour (Ali et al., 1980) the evidence of 
increased ependymosecretion detected In 
the present study attains special significance. 
Similar changes in the third ventricular 
ependyma exhibiting increasing surface 
activity of the apical membranes, charac-
terized by pleomorphic bleb-like protrusions 
and numerous irregular microvillous like 
eruptions were also reported by Montemurro 
and Brune(l977) following intraventricular 
administration of synthetic IH-RH. 
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Explanatfon- of-Figures 
Fig. I - Scanning electron micrograph of the 
middle third of the lateral v/all of 
the third ventricle of the control rat. 
Note the almost uniform distribution 
of isolated clumps of cilia. The 
intervening areas exhibit a dense knap 
of.microvilli. >x 3,000. 
Fig. 2- SEM view^ of the middle third of the 
lateral wall of the third ventricle 
of the rat administered dichlo'rvos 
( 3 mg/kg body weight ' ! , p. for 10 
days). Note the almost complete 
disappearance of cilia and their repla-
cement by irregular pleomorphic 
protrusions showing increased surface 
activity, x 3,000. 
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ORGANOPHOSPHATE INSECTICIDE DDVP-INDUCED INCREMENT IN REGIONAL TOTAL LIPID& 
AND CHOLESTEROL LEVELS: DIMINUTION OF PHOSPHOLIPID CONCENTRATION 
IN DIFFERENT REGIONS OP THE RAT BRAIN 
K. TAYYABA AND M A H D I HASAN 
Brain Research Centre, Jawaharlal Nehru Medical College, Aligarh Muslim University, 
Aligarh 202 Q0\, Mia 
ABSTRACT 
0-0, dimethyl 2 :2-dicHorovinyI phosphate (DDVP, 3 itig/kg body weigl-.t, i.p. injected 
daily for 15 days)-induced regional alterations in the brain lipid tonttnts of male adult albino 
rats have been observed both 'biochemically' and 'histothcmi(ally'. Signi&antly incicattd levels 
of totallipids and cholesterol were found in the brain stcr-, teiebellim £xd t t i tbum. But the 
phospholipid fraction showed diminution in all the brain regions. Tl.e bio<hcm;(al findings are 
supported by the histochemical results. 
INTRODUCTION 
OR G A N O P H O S P H O R U S compounds are known to be cholinesterase inhibitors'.^ The exact mecha-
nism of their delayed neurotoxicity is still unclear'. 
Recently, a diminution in the level of some free 
aminoacidst following 0-0, dimethyl 2 : 2-dithlorovinyl 
phosphate intoxication and alterations in regional 
monoamine concentration havft been reported'. 
Mipafox-induced alterations in the brain lipids are 
also known', but comparatively little information on 
the regional lipid concentration of brain is available. 
Controversy dominates the inferences drawn by a 
few investigators who have ventured to obtain an 
insight into this problem','. The paucity of data on 
the effect of organophosphorus compounds on the 
regional brain lipid concentration prompted us to 
carry out the present investigation on the rat cere-
brum, cerebellum and_ brain stem separately. 
EXPERIMENTAL PROCEDimB 
Sixteen male adult albino rats weigh.ing 110 to 130 g 
were kspt in the laboratory at room temperature and 
were fed a pellet diet ad libitum (Hindustan Lever Ltd., 
India) and h.ad free access to water. Eight animals 
received dichlorovos (DDVP, 0-fl, dimeUiyl 2 : 2-
dichlorovinyl phosphats-Nnvan 100 EC, Ciba-Geigy 
India Ltd.), 3njg/kl body weight intraperitonially 
(i.p.) daily for fifteen days. Th? control group 
(8 rat?) was concurrently given an equal volume of 
physiologiral saline daily for the seme period. On 
the fifteenth day all rats were decapitated to ditwct 
out cerebrum, cerebellum and brain ttim separately. 
Upids were extracted according to Folch etal.* and 
analysed for phospholipid-phosphoius*. total lipids*' 
* Address for cor r j^ademe : Prof. Dr. Mal-.di 
Hasan, Brain Rjesearch Centre, Jewal.arlal NehtU 
Medical College, Aligarh Muslim University, Aligarh 
202001 (India). 
and cholesterol". A histochemical study of the diffe-
rent regions of rat brain was carried out on conven-
tional frozen sections (formol-calcium fixed, 15 /* 
thickness, cut on a cryotome K1310, Leitz) stained 
with Sudan black ' B ' 1% for total lipids and by 
OTAN method for phospholipids as recommended by 
Adams* ^ . 
RESULTS AND DISCUSSION 
Ataxia, convulsions and hyperexr itability to tactile 
stimuli wore often detected on the fifth day of DDVF 
administration. These signs were intensified with 
the passage of time. It is evident from Table I that 
DDVP administration to rats significantly increases 
the total lipid (P< 0-05) and cholesterol (P< O-OOl)-
concentrations in all the three regions of the brain 
while the concentration of phospholipid was signi-
ficantly diminished in cerebrum (P< 0-05), cere-
bellum (P< 0-05) and brain stem (P< 0-001). 
As compared with the noimal rats (Fig. 1), sections 
obtained from DDVP-treatcd rats (Fig. 2) sh.ow 
sudanophilx lipid deposits. However, at fr.'quent. 
sites mild deposits of phospholipid vrere seen in the 
e}5)erimental section (Fig. 4) as compared with the 
normal (Fig. 3), 
In t;.o present report, the increase in total lipid 
concentrations in cerebium, ceiebellun and brain 
stem, inespcctive of their legional variations, can be 
explained on the basis of the observation of Caley 
and Jenson' who detected infjbition of lipase acti-
vity following organophospl-iktc administration. Siiue 
the enzymes aie very specific regarding intcrrxtion 
with substrates, it appears that phospholipase remained 
uneffcctcd by the orgsjiophosphate intoxication and 
heme phospholipid concentration wr.s not ii.creased^ 
On the other hand Nelson and Barnum*' obr.crved 
tl-.c inh.ibition of phospljolipid biosynthetir. by oigano-
phosphate. It appears moie likely that the dccicmeftt 
in the phospholipid content in t i c prcitnt tttxly may 
2 V' •'•"v 
TABLE I 
DDVP-iitduced alteiattoiis m the total lipid, chohteiol and phospholipid contents of ceiebrum, 
cerebellum and brain stem s 
- T " — " * " - " • * » : ' 
-?• 
Tot^l lipid 
Cholesterol 
Phospholipid 
Cerebrum 
Control 
106-'', 
(9-?<) 
31-4 
(6-1) 
56-9 
(6-1) 
Experimental 
129-4* 
(6-3) 
64-0*** 
(8-1) 
41-9* 
(4 0) 
mg/g fresh tissue 
Cei-ebellum 
Contjol 
n\-i. 
(7-0) 
25-7 
(4-7) 
55-9 
(3-0) 
Expciimtntal 
149-3* 
(9-7) 
47-6* 
(6-6) 
40-5* 
(3-5) 
Brain stem 
Control 
118-5 
(10-7) 
44-0 
(0-8) 
59-0 
(4-^) 
Expcnmtntal 
159-6* 
(6-1) 
66 5*** 
(3-4) 
44.0*** 
(4-2) 
* Indicates P < 0-05; »* p < o-02; *** P < 0-001. 
Values in brarkcts indiiatc ± Standaid error. 
FIG 1 1 lo/tn SMIKM L' i-ii.il hcmibphere of FIG 2. Totpl Iipn' lonctntjation aftcj 15 days 
untreated albino Jat s owing total lipid concentration treatment by DDVP slowing well-marked Sudano-
<Adam's m tl od) (x 600) phillit lipid deposition (x 600). 
Fio. 4. Photomirograph showing diminution of 
FIG. 3. PAotomicrograph showing phospholipid phospholipid concentration in the cerebrum of the 
content of the cerebrum of the control rat (x 600). DDVP-intoxicated rat (X 600). 
be the result of a similar mechanism. Earlier Austm "^* 
also favoured a similar role for diisopropyl flurophos-
phonate (DEP), a potent organophosphorus compound. 
The increment in cholesterol level can be explained on 
the basis of either its increased synthesis or decreased 
degradation, following organophosphate mtoxication. 
The ^BiM^ty of inhibition of enzymes responsible 
for its d^radation by DDVP appears more likely in 
view of the toxic manifestations of organophosphorus 
compounds. Another alternative explanation may be 
sought in the known steroid-organophdsphorus anta-
gonism^. Pretreatment of rats with certain steroids 
reduces the toxicity of organophosphates^'. Since 
•cholesterol is a substrate for the steroid biosynttesis 
it would not be unreasonable to assume that cholesterol 
level may rise following organophosphorus toxicosis. 
The observed concordan;e of the biochemical results 
and histochemital observation of total lipid and 
phospholipid in different regions of brain made this 
facet of neurotoxicological research of great practical 
interest. 
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Organophosphate Pesticide Metasystox-Induced Regional Alterations in Brain 
Nucleic Acid Metabolism 
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Metasystox R (0,0-dimethyl-S-2 (ethylsulphinyl) ethylthiophosphate, 4 mg/kg body wt, ip injected daily for 10 days)— 
induced regional alterations in the brain levels of DNA RNA, DNase, RNase and protein were observed quantitatively in 
male adult albino rats DNA concentration was significantly decreased in all brain regions, whereas the level of RNA was 
decreased m cerebrum and increased in rest of the brain parts The increased activity of DNase and RNase was observed in 
cerebellum, brain stem and spinal cord while the RNase activity was diminished in cerebrum 
The widest use of organophosphates is as inseclicides, 
for which purpose compounds with toxicity relatively 
high to insects and low to man and other mammals are 
chosen Metasystox R (sulphur containing organ-
ophosphate insecticide, Bayer India Ltd) not only 
increased the yield of agricultural produce but also 
controled the vectors of malaria and other diseases' 
Their use is increasing sinca- organophosphates are 
relatively rapidly hydrolysed and hence have less 
cumulative and ecologic effects They are now 
replacing chlorinated hydrocarbon insecticides, such 
as DDT, which accumulate in human and animal 
tissue and exhibit adverse effects on animal ecology 
But a variety of toxic effects are also ascribed to low 
level human exposures^ ^ Moreover, organophos-
phates have acute toxic effects and numerous fatalities 
in man and domestic animals have been reported'^ "* 
The pharmacologic and toxic effects of organophos-
phates are primarily, if not entirely, due .o inhibition 
of acetylcholinesterase and the consequent accumu-
lation of acetylcholine at nerve endings' ^ Inhibition 
of this enzyme by organophosphates is a result of firm 
binding of phosphate radicals to the active sites of the 
enzyme, forming phosphorylated enzyme^ 
Present study is the first attempt in the field of 
organophosphate toxicosis in the regional brain 
nucleic acid metabolism 
Animals—Male adult albino rats weighing 150 ±20 
g were kept on pellet diet ad libitum (Hindustan Lever 
Ltd, India) and standard laboratory conditions The 
animals were divided into 4 groups (2 controls and 2 
experimental) each comprizing 6 animals Metasystox 
R (sulphur containing organophosphate insecticide, 
Bayer India Ltd) 4 mg/kg body weight dissolved m 
physiological saline was injected (ip) to the rats of 
* Address for correspondence 
expermnental group While animals of control group 
received an equal volume of physiological saline 
concurrently All animals were sacrificed by 
decapitation on 11th day Their brains along with 
spinal cords were removed quickly, blotted on filter 
paper and kept on an ice-cold petndish The brains 
were dissected out into 3 regions—cerebrum, 
cerebellum and brain stem 
Isolation and estimation oj RNA and DNA—The 
brain tissue was homogenized in chilled 02N PCA to 
give 20% w/v homogenate of cerebrum, cerebellum, 
brain stem and spinal cord separately Homogenate 
(1 ml) from each brain region was taken into the cooled 
centrifuge tubes for the extraction of DNA and RNA 
Lipids were removed by two washings, each of 
chloroform-methanol (2 1) mixture'° RNA was 
hydrolysed by incubating lipid-free tissue with 1 A' 
KOH at 37° 
Isolation and estimation of RNA and DNA—The 
brain tissue was homogenized m chilled 0 2 A' PCA to 
give 20% w/v homogenate of cerebrum, cerebellum, 
brain stem and spinal cord separately Homogenate 
(1 ml) from each brain region was taken into the cooled 
centrifuge tubes for the extraction of DNA and RNA 
Lipids were removed by two washings, each of 
chloroform-methanol (2 1) mixture'" RNA was 
hydrolysed by incubating lipid-free tissue with 1 A' 
KOH at 31' for 20 hr The residue left after extraction 
of RNA was heated with 0 5 A^  PCA at QO^ C for 15 mm 
for the extraction of DNA 
DNA and RNA in all brain regions were estimated 
according to the method of Dische" and Vokin and 
Cohn'^ respectively Protein was estimated according 
to the method of Lowry et a/'^ 
Enzyme a?saj—Brain homogenate (20% w/v) was 
prepared in Tris HCl buffer of pH '' 5 and centnfuged 
for 10 min at 15000rpm at 0 C A 0 2ml of the 
688 
supernatent was used for the determination of the 
enzyme by hydrolysing the substrate (DNA/RNA) at 
37X. The activity of DNase (deoxyribonucleate 5'-
oHgonucieotidohydrolase EC 3.1,4.5) and RNase 
(ribonucleate 3'-pyrimidino-oligonucleotidehydrolase 
EC 3.1.4.22) in all the brain regions were determined 
separately as described by Sung'* and MacDonaW 
respectively. 
The data were analysed using Student's 't' test. 
Following the administration of Metasystox to rats, 
signs such as unconciousness, muscular fasciculations, 
hyperexcitability to tactile stimuli, convulsions and 
ataxia were detected. None of the animals died during 
the course of experiment. 
The effect of Metasystox-R on the levels of DNA, 
RNA, Protein and DNase and RNase is presented in 
Tables 1 and 2. 
These results demonstrate regional heterogeneity 
not only related to the effects of organophosphate, 
metasystox on the concentration of nucleic acids, 
protein and enzymes but also in their levels in different 
regions of the rat brain. The maximum concentration 
of DNA was observed in cerebellum (5.85 ±0.1) which 
was almost 4 times of the next highest level determined 
in cerebral hemisphere (1.93 ±0.33). Large total 
amounts of DNA in cerebellum reflect the extreme cell 
density of cerebellar granular layer. This observation 
finds support in the earlier reports of Crenell'* and 
May and Crencll". But maximum depletion of DNA 
occurred in cerebral hemisphere (—69.9%), whereas, 
the cerebellum ( - 41%) was the least affected region. 
Since the average amount of DNA per diploid nucleus 
is constant for all normal tissues of the body, including 
brain tissue*^, measurements of DNA amounts 
provide a convenient method for estimating the total 
cell population in various regions of the brain, or in the 
entire brain'^. Earlier, chromatolysing neurons in the 
chick, following organophosphate intoxication have 
been reported by Janzik and Glees^°. Furthermore, 
Hasan et al.^^ described degenerative changes in 
Table 1 -
Nucleic 
acids & 
protein 
DNA 
RNA 
Protein 
RNA-
DNA 
Ratio 
C, control 
P valuer ' 
-Levels of DNA, RNA and Protein in 
[Values, expressed 
Cerebral Hemisphere 
C 
1.93 
± 
0.33 
2.18 
± 
0.1 
108.9 
± 
4.01 
1:0.88 
E 
0.58' 
± 
0.04 
1.22' 
± 
0.04 
112.2 
± 
4.02 
1:0,47 
; E, experimental 
'<0Lfl5,'' 
% Change 
-69.94 
-44.03 
+ 3.03 
<0.01, ° <JUIOjL 
C 
5.82 
± 
0.10 
1.48 
± 
0.09 
102.00 
± 
2.12 
1:93 
Different Regions of Rat Brain Following Metasystox-R Intoxication for 10 
Days 
\ as mg/g fresh tissue. 
Cerebellum 
E 
3.4' 
± 
0.2 
2.52 
± 
0.18 
92.00* 
± 
1.98 
1:1.34 
% Change 
-41.58 
+ 70.27 
-9.80 
are mean 
C 
0.75 
± 
0.13 
1.23 
± 
0.03 
101.00 
± 
3.12 
1:0.60 
± SE of 6 animals] 
Brain Stem 
E 
0.33" 
± 
0.07 
2.77' 
«± 
0.70 
94.00 
± 
2.81 
1:0.11 
% Change 
-56.00 
+ 125.20 
-6.93 
C 
0.80 
± 
0.02 
1.09 
± 
0.05 
97.00 
± 
3.01 
1:0.73 
Spinal Cord 
E 
0.45* 
± 
0.01 
2.72' 
± 
0.15 
82.00* 
± 
3.81 
1:0.16 
— 
% Change 
-43.75 
+149.54 
-15.46 
Table 2—DNase and RNase Activity in Different Regions of Rat Brain after Daily Administration of Metasystox-R for 10 
Days 
[Values, are mean ±SE of 6 determinations. One unit of enzyme is defined as the amount of 1 n mole of acid soluble nucleotide from 
substrate under standard condtions of assay] 
Brain Parts 
Cerebrum 
Cerebellum 
Brain stem 
Spinal cord 
C, control; E, experimental 
/• values: "< 0.05, "< 0.02,' 
DNase activity (units/mg p 
C 
5.31 ±0.39 
5.6911.23 
5.10±0.60 
4.81 ±1.20 
< 0.001 
E 
5.83±0.50 
7.10±1.10'' 
6.82 ±0.17* 
6.65 ±1.20' 
irotein) 
% Change 
+9.79 
+ 24.78 
+ 33.72 
+ 38.25 
RNase act 
C 
18.68 ±0.20 
9.42 ±1.80 
9.30±0.44 
8.72 ±1.20 
ivity (units/mg pi 
E 
16.37 ±0.60'' 
11.56 ±0.70" 
11.00±1.30" 
12.20 ±1.20" 
•otem) 
% Change 
-12.36 
+ 22.71 
+ 18.27 
+ 39.90 
689 
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neurons and nerve fibres after organophosphate 
DDVP toxicosis. The significantly increased activity of 
DNase in various regions of brain reported in the 
present study correlates well with the decrement in 
DNA. Since the brain is a heterogeneous tissue both 
anatomically and functionally. This heterogeneity is 
an important for evaluation and interpretation of 
biochemical findings^^. It is conceivable that different 
modes of degradation might be operative in different 
regions of brain. Further investigations are under way 
to find out whether lysosomal hydrolytic enzymes play 
role in biodegradation of nucleic acids in the cerebrum. 
The RNA concentration exhibited regional hetero-
geneity in the control as well as experimental animals. 
Interestingly, the RNA level of the cerebral 
hemisphere was decreased whereas, it was increased in 
all the other regions of the brain. The ribonuclease 
activity paralleled with the RNA levels in the various 
regions of the brain. The total protein level was 
understandably depleted in all the regions except the 
cerebral hemisphere where significant alteration was 
not detected. 
It can be concluded that organophosphate 
intoxication alters the nucleic acids concentration as 
well as the functional activity of lysosomal enzymes. 
Indeed, the mechanism of such neurochemical 
alterations after organophosphate toxicosis needs 
further investigations. 
The authors thank UGC, New Delhi for financial 
assistance; to Shri S. Saleem Haider for help and Dr 
Rana Yasmin for useful discussions. 
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r 
Confusion in the Use of the Word 
Neurotoxicity When Describing the 
Effects of Dichlorvos 
1 read ihc report b\ Hasan and Ah (\9H I) in 
Vol 2 N»> \ ot Ntui(>i<i\U(>l<n;\ and I would 
like to stress that caution must be exeu ised when 
using words such as " neurological lesions" or 
"neurotoxicity " to describe the etlects ot or 
ganophosphorus (OP) pesticides, a nomenda 
ture already exists to describe cenain acute and 
delayed toxic eflecls and should be used ap 
propriately 
The use ot acetylcholinesterase (AChb) in 
hibition as a neurotoxicity index is therefore mis 
leading The neurotoxicity due lo some not all 
OP esters is widely considered as a degeneration 
ol long axons well distinct Irom the acute 
cholinergic symptoms due to inhibition ot 
AChh The molecular target o( the so called 
"delayed neun)loxicHy is also now known and 
IS an esterase m the nervous tissue called 
neurotoxic esterase (rexiewed b\ Davis and 
Richardson, 1980) 
The described ettecis obtained wiih a di 
vided dose o( dichlorvos tar below the LD""' are 
remarkable particularly m considering possible 
eflecls ol organophosphales al doses which 
cause negligible inhibition ol AChl- In lad the 
507< inhibition ot brain AChh activii> obtained 
with the highest dose {^ mg/kg x 10 day ) is 
considered a threshold limit lor occupational ex 
posure in humans, as mirrored by red blood cell 
AChb (Derace 1977) However some other 
points about (he repon have to be made 
a) Dichlorvos low systemic toxicity is a 
mailer ol opinion in laci *)nly live Oi* 
insecticides have a lower oral I D""' in 
rats among the 20 most used in the bbC 
countries (Derace 1977) and dichlorvos 
has a score ot 4 *i (very lovic/exiremely 
toxic) according to (josselin s scale 
(Gosselin ei al 1976) 
b) The authors, in their conclusums, have 
attributed to Johnson (1976) a ' view" 
that he has never himselt expressed, i e 
that rodenlb are peculiarly insensitive 
to organophosphorus esteis " Obvi 
ously rodents can be killed by dichlor 
vos and other OP's by the classical 
mechanism ol AChE inhibition Ro-
dents do not display the mamtestation ot 
the syndrome known as delayed 
neurotoxicity' (hind limb paialysis 
long axon degeneration etc ) and no 
'revision ol this obser\ation seems 
necessary Perhaps the authois havedis 
covered a new syndrome through their 
experiments on open held locomotor 
activity (this will need much lurther 
documentation with other OP s) bui. it 
this IS so, the new sviidrome must be 
clearly distinguished from delayed 
neurotoxicity as described b\ several au 
Chors Not to do so can only contuse the 
reader 
c) Comparisons with (he lesions obtained 
with tri-o cresyl phosphate (TOCP) are 
not pertinent because, in tact. TOCP is a 
potent neurotoxic organophosphate and 
a very poor inhibitor ol AChE. (Lotti and 
Johnson, 1980) 
d) Dichlorvos was believed to be non-
neuroioxic al a single dose in the hen 
(the animal ot choice in those expert 
ments) (Johnson 1978) Only recently 
we were able to obtain a slight delayed 
neurotoxic elteci using a s c dose tar 
above ihe LD""', alter heioic treatment 
against cholinergic symptoms (Caroldi 
and I oiti, unpublished data) 
It Is iheretore doubtlul that these mor-
phological and buKhemical changes have con 
neclion with delayed neurotoxicity 
MARCH u) Lorn 
UniMisii\ (>l Ciilifoinia San hrumisio 
Nofilnin i iilifttrnta On upalional Health 
L t nil I ' 
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San hramism Calijornia 94110 
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tieuuxoMi. ctled'" i>l orgiinophosplioiou". ester', ftii fnx (V7ft 
35 7 ' 7 4 
Minum M K Thr <im<miil.>us hthaviot »< iliniclh>l phosphjic 
m ihe biDihcniKdl test tor ilcla)e<i ncurnti»ii.ii\ Anh fnxiiol 
ms 41107 no 
Lulli M . JohnMin M K Repeated MTtall doses ot J iieuroloxic 
organophnsph^le numilMiing ot ncuroloxK csterust. iii hium and 
ipin«lcord AnhToxKol IVm 45 2ft(.271 
Author's Response: Dr. Luus letler to ihe 
Editor gives us a good opportunity to clarify 
some of the misunderstandings and confusions 
concerning important definitions in the field ot 
Neurotoxicology. We believe that the term 
"netirotoxicity" is a generaJ term that ihouJd be 
applied to any "adverse effects" on the nervous 
system These adverse effects encompass inhibi-
tion of nervous system enzymes, binding to re-
ceptors, or a direct effect on the axons or myelin. 
etc Neurotoxicity may result from adverse ef-
fects of synthetic chemicals, e.g., pesticides, 
solvents, or industrial chemicals, naturally oc-
curring venoms and poisons or even nutritional 
factors such as imbalance in some essential vit-
amins or trace elements. When talking about a 
certain neurotoxicity resulting from a neurotoxic 
agent, one must be speedic. Although the term 
neurotoxicity includes delayed neurotoxicity 
produced by organophosphorus esters, it is by far 
too general. To be specific one should call this 
condition "delayed neurotoxicity" or even to be 
more accurate, it should be referred to as 
organophosphorus-induced delayed neurotoxic-
ity or "OPIDN" as it has been abbreviated in a 
recent review (Abou-Donia, 1981) As far as the 
"low dose of dichlorvos" is concerned, we feel 
that a dose half that of the LD'" (Arthur and 
Casida, 1957) is relatively high 
The contention, that "The neurotoxicity 
due to some, not all. organophosphorus esters is 
widely considered as a degeneration of long 
axons . ". IS untenable in view of the findings 
of a number ot investigators To quote only a 
few, Casida (1964) concluded that "cholinergic 
stimulation by organophosphaies results from 
inhibition of acetylcholinesterase, the only 
biochemical or biophysical lesion implicated in 
almost all signs of poisoning." Also. Taylor 
(1980) propounded that" 'The extreme toxicity oi 
the organophosphaies was found to be due to 
their 'irreversible' inactivation of acetyl-
cholinesterase . . . with most of the organophos-
phate agents, virtually all the acute ettects of 
moderate doses are attributable to this action... 
In suspected cases of milder acute or chronic 
intoxication with organophosphates, determina-
tion of cholinesterase activity will generally es-
tablish the diagnosis ' harliiT, Holmslcdt 
(1959) cle.iily staled that, 'The inhibition of 
cholinesterase is directly related to the toxicity ot 
organophtisphate compounds." Moreover, 
Bums and Rand (1965) have suggested that 
dichlorvos, similar in action to the other or-
ganophosphatc pesticides, inhibits cholines-
terase and that the accumulating acetylcholine 
stimulates the release of catecholamines Fur-
thermore, It IS generally accepted that or-
ganophosphaic induced accumulation ot acetyl-
choline in the brain is directly respt^nsiblc tor the 
tremors and convulsions produced by them 
(Nachmansohn, 1959, Stewart, 1952). In our 
electron microscope study. Hasan el ul (1979) 
have shown that. "Following dichlorvos intoxi-
cation, a remarkable increase in the electn>n den-
sity ot some ot the axctnal protiles was apparent. 
In many instances axonal protiles were found to 
be slutted w iih synaptic vesicles " Furthermore, 
myelin degeneration was detected in the spinal 
cord of DDVP (dichlorvos)-treated rats and oc-
casionally myelin figures were observed in the 
edematous dendritic profiles (Hasan ei at., 
1979). It IS noteworthy that all the above men-
tioned alterations were detected following the 
intraperitoneal administration of 3 mg/kg 
dichlorvos daily tor 10 days. Additionally, ex-
periments on open-field behavior/locomotor ac-
tivity showed remarkable depression on day 7 
and recovery on day 10 which exhibited interest-
ing concordance with the regional levels of 
dopamine, norepinephrine, and serotonin. We 
have nowhere claimed that dichlorvos produces 
delayed neurotoxicity and even the term "de-
layed neurotoxicity" has not been used in our 
manuscript 
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A B S T R A C T 
The effects of the pes t ic ide , Metasystox (0,0-dlinethyl-S-2 
(ethylsulphinyl) ethylthlophosphate) and various l ip id fractions 
i n the discrete areas of the brain were studied. The daily i n t r a -
peri toneally administration of 4 mg/kg body weight of Metasystox 
for 10 days has depleted the levels of to ta l l i p i d s , phospholipids, 
cholesterol , es te r i f led fat ty acids and gangliosides in cerebral 
hemisphere, cerebellum, brain stem and spinal cord. But the l ipase 
and l ip id peroxidation measured in the cerebral hemisphere were 
s ignif icant ly increased. I t i s possible that the inhibi t ion of 
the l ip id levels in the discrete areas of the brain may be due to 
the increase ac t iv i ty of l ipase and l i p i d peroxidation. 
gey words I Metasystox - l i p id peroxidation - l ipase ac t iv i t y -
t o t a l l ip ids - phospholipids - cholesterol -
es te r i f led fat ty acids - gangliosides. 
INTRODUCflON 
Organophosphates are widely used as i n s e o t l o l d e s to inc rease 
t h e yield of a g r i c u l t u r a l products aM a l so t o con t ro l the vec to r s 
of malaria and the organism i n t e r f e r i n g with human food (Oasida and 
Baron, 1976). During the pa s t seve ra l years numerous s tud i e s have 
heen conducted on metasyatox because of i t s use as an a g r i c u l t u r a l 
i n s e c t i c i d e (Kenneth and Gfeorge» 1962)• Another organosphophate 
compound DDVP (0 ,0-dimethyl -2 j2-dichlorovinyl phosphate) , has been 
shown to a l t e r t h e l eve l s of t o t a l l i p i d s , phospholipids and c h o l e s -
t e r o l i n d i f f e r e n t p a r t s of t he b r a i n (Tayyaba and Hasan, 1980). 
No information i s ava i lab le on the e f fec t of metasystox on the 
l e v e l s of l i p i d s , l i pa se and l i p i d peroxidat ion i n d i f ferent reg ions 
of the c e n t r a l nervous system (CHS). Tissues most suscep t ib le t o 
l i p i d peroxidat ion appear to be those with low mi to t i c r a t e s such 
as the b ra in (Barber and Wilbur, 1959). I t has a l so been r epor t ed 
t h a t the d i f f e r e n t t i s sues from the normal r a t t h e bra in showed a 
considerably h igher r a t e of l i p i d peroxidat ion than l i v e r , kidney, 
sp leen and h e a r t homogenates (Kartha and Erishnamurty, 1978). I n 
view of these r e p o r t s the presen t study was undertaken to demons-
t r a t e the pos s ib l e ef fec ts of metasystox on t h e l e v e l s of l i p i d 
peroxidat ion, l i p a s e a c t i v i t y and l i p i d s i n d i f f e r en t regions of 
the CITS. 
MATERIAL AND METHODS 
Twelve adults male albino rats weiring 200 jj^  20 g were used 
for this study. They were allowed free access to pellet diet 
(Hindustan Lever Laboratory Feeds, India) and water, and were 
divided into two groups, each comprising 6 animals. A freshly pre-
pared solution of Metasystox R (0,0-dimethyl-S-2(ethylsulphinyl) 
ethylthiophosphate, Bayer India.Ltd.) 4.0 mg per kg body weight 
was injected intraperitoneally (i.p.) daily for 10 days to each 
rats of the experimental group. The control group received equal 
volume of physiological saline (i.p.) concurrently. Over ni^t 
fasted animals were stunned and killed by decapitation, brain and 
spinal cord were rapidly removed and cleaned of adhering blood in 
an ice cold petridish. Cerebrum, cerebellum, brain stem and spinal 
cord were dissected out. Cerebrum was divided into its two hemi-
sphere by sagittal section. One hemisphere was used for the 
estimation of lipids. Other hemisphere was used for the estimation 
of lipid peroxidation and lipase activity. 
Different parts of the briM-n were weighed and homogenized in 
glass homogenizer with ohloroform-methanol (2:1) according to the 
method of Poloh et al. (1951). Each homogenate was shaken periodi-
cally for an hour at room temperature. Further isolation of lipids 
was carried out as described by Islam et al. (1980). Total lipids 
were estimated according to the method of Woodman and Price (1972). 
The method of Marinetti (1962) was used for the estimation of 
phospholipids. The colorimetric method of Bloor et al. (1925) and 
Pollet et al. (1978) was used for the estimation of cholesterol 
and gangliosldas respeot i re ly , Bsteri t led fa t ty acids were • s t i -
mated aooording to the method of Stern and Shapiro (1953). 
For the evaluation of l i p i d peroxidation ^0% (W/V) homogenate 
of one cerehral hemisphere was prepared i n chi l led 0,15M KCL and 
1.0 ml of t h i s homogenate was used for the estimation of l i p id 
peroxidation as described by Utley et a l . (1967). The r e s t of the 
homogenate was oentriftiged a t 5000 r.p.m. for 15 mln. a t room 
temp* and 1.0 ml of supernatant was used for the estimation of 
l ipase according to the method of Tietz and Fiereck (1966) as 
described in de ta i l by Haider e t al* (1981). 
All the reagents used were of analyt ical grade. I»ipase 
subs t ra te , thymolphthalein and thiobarbiturio acid were purchased 
from Sigma Chemical Co, (U.S.A.). The data were analysed using 
Student 's «t« t e s t . Significant differences between means of 
t reated and control groups were calculated and 'P ' values were 
obtained. 'P ' values less than 0.05 were considered to be s i g n i -
f icant , 
RESULTS 
Following the administration of Metasystox to rats, signs 
such as hyperexcitability to tactile stimuli, occasionally fasci-
culation, convulsions and ataxia were detected. After 6-7 days 
all the treated rats usually became lethargic. These signs were 
intensified with the passage of time. Rats of the control groups 
did not show any abnormality. 
The data pr«8«nted i n Tables 1-3 represen t the effect of 
d a i l y adminis t ra t ion of 4.0 mg/kg body w e i ^ t of Metasystox R to 
adu l t male r a t s . The s i g n i f i c a n t depleted l e v e l s of t o t a l l i p i d s , 
cho les te ro l and gangliosides vere i n the ce r eb ra l hemisphere and 
cerebell im but e s t e r i f i e d f a t t y acids vere decreased only i n ce reb ra l 
hemisphere. Levels of t o t a l l i p i d s , phosphol ip ids , c h o l e s t e r o l , 
e s t e r i f i e d f a t t y acids and gangl iosides were depleted i n b ra in stem 
and spinal cord . S ign i f i can t ly increased a c t i v i t y of l i p a s e and 
increment i n l i p i d peroxidat ion were observed i n the cerebra l hemi-
sphere (Table 2 ) . 
DISCUSSlOH 
In the present report organophosphat© Metasystox influenced 
the lipid metabolism in the brain. These observations can be very 
well explained on the basis of the findings of Majno and Karnovsky 
( 1955) who reported changes in lipid synthesis in the brain follow-
ing the administration of an organophosphate. Ham and Rose (1969) 
have suggested that a reduced activity of lipase may be a factor 
contributing to the increased plasma lipids. Recently Haider et al. 
( 1981) have reported that the decreased concentration of lipids in 
cerebrum, cerebellum and brain stem may also be due to increased 
activity of lipase in these regions. To date, no report dealing 
with the activity of this enzyme, in the different regions of the 
brain, after the administration of Metasystox/organophosphate is 
available in the literature. Hence, the reduction in the different 
lipid levels, irrespective to their regional variations, may be due 
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to th« Increased ra te of degradation, as i s obvious from the 
present findings of Increased l ipase ac t iv i ty which I s l ike ly to 
enhance the ra te of dagradatlon of l i p i d s , resu l t ing in the lowering 
of the l ip id concentration. Furthermore, depletion in the phospho-
l i p i d concentration i s supported, by the recent findings of Tayyaba 
and Hasan (1980) and Nelson and Barnum (I960) who have observed 
reduction in the brain phospholipid concentration following organo-
phosphate administration. 
Oangllosldes are mainly localized in the following two 
fractions of the brain. A mlhor amount of gan^ ios lde i s localized 
i n myelin matrix and the bulk i s foiind in the outer membrane of the 
nerve endings (Ramsey and Nicholas, 1972). I t has been demonstrated 
tha t the d is t r ibut ion of gan^ios ides resembles tha t of ^ -amino-
butyrlo acid (Lowden and Wolfe, 1964). Ramsey and Nicholas (1972) 
have indicated that the binding of serotonin to synaptic vesicles 
may be mediated by gangllosides. I t i s also of in te res t tha t 
gan^iosides can act as receptor substances for neurotoxins (Van 
Heyningen, 1959 and Doery & North, 1961). There i s no previous 
repor t on the levels of gan^fLioside in different regions of the 
CNS following Metasyatox administration. Whatever the specif ic 
role or roles of gan^iosldes in the brain, i t i s clearly evident 
by now that they serve an act ive rather than a passive function. 
At present the mechanism i s unclear how decrement in the content 
of gangliosides is caaxsed af te r the administration of organophos-
p ha tes . 
, 1 ,- .• 
Lipid peroxidation inrolves the direct reaction of oaygen 
and lipid to form free radical intermediate and to produce semi-
stable peroxide. Blomemhranes and subcellular organells are the 
major sites of lipid peroxidation damage. Eartha and Erishnamurty 
( 1978) reported that the different tissues from normal rat, the 
brain showed a considerably high degree of peroxidationt while the 
homogenate of other body organs showed comparatively low lipid 
peroxidation. This might be that the brain has the largest amount 
of lipids than other body organs. Pathological free radical 
mechanism leading to lipid peroxidation and degradation of phospho-
lipids with loss of membrane integrity are currently considered as 
important factors in the development of irreversible brain cell 
damage during ischemic and other adverse conditions. Recently 
Haider et al. (1982) from this laboratory have reported that the 
increment in the brain lipid peroxidation also contributes to the 
decrement in the level of the brain lipids. It is clear that the 
peroxidation of endogeneous lipids has been enhanced by metasystox 
administration, and thus reduction in the level of brain lipids is 
understandable. 
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Levels of total lipids, phospholipids and cholesterol were 
estimated in cerebral hemsiphere, brain stem, and cerebellum of 
guineapigs exposed to hydrogen sulfide (20 ppm) daily for 1 hr for 
11 days. Significant lowering in the concentration of total lipids, 
and phospholipids occurred in cerebral hemisphere and brain stem, 
but the diminution in cerebellum was insignificant. Levels of 
cholesterol, however, remained unchanged in different regions of 
the brain. The rate of lipid-peroxidation was significantly 
increased in cerebral hemisphere. 
A LTHOUGH health hazards due to US are well 
• ^ knowtf, the metabolic changes caused by this 
gas and the mechanisms involved therein are not 
fully understood^. Hydrogen sulfide is a nearly 
ubiquitous toxic substance, which is especially danger-
ous when occurs in confined work spaces or in high 
concentration under pressure. The passage of 
H2S through the blood results in the forma.tion of 
'sulphoniethemoglobin'. Additionally, its eifects 
on th& CNS have been recognized for some time'-^. 
Dizziness, irritability, convulsions, ataxia, rigidity, 
pains, paresthesias, narrowing of visual fields, sleep 
disturbances, vertigo, acoustic nerve neuritis, abnor-
mal reflexes dysarthria, loss of appetite and dep-
ression have been reported as the common signs and 
symptoms of hydrogen sulfide poisoning'-'. Higher 
concentrations of HjS first stimulate and then 
depress the CNS*. Experimental studies of monkeys 
following H2S exposure have revealed extensive 
necrosis of the parietal and occipital cortex of the 
brain, a reduction of Purkinje cells of cerebellar 
cortex and isolated accumulation of glia cells^'. 
Lipids are essential components of all cellular 
structures in the brain. Myelin sheaths and the 
neuropil of grey matter account for much of the 
total lipid content of brain tissue. Studies in cell 
layers of monkey cerebral cortex have shown that the 
distribution of cholesterol is almost a mirror image 
of that of the protein, cholesterol increases and protein 
decreases, with increasing cortical depth '^^ . Studies 
of incorporation of labelled cholesterol or labelled 
acetate into brain tissue indicate that the cholesterol 
of adult brain is relatively inert. After intracere-
bral injection of labelled acetate in rats, however, 
some label is incorporated into cholesterol and 
appears to remain there indefinitely^ .^ On the 
other hand, phospholipids are known to be metaboli-
caUy more active than cholesterol^'. Neurochemical 
studies of changes in lipid composition of different 
regions of the guineapig brain following H2S 
exposure have so far not been undertaken. The 
present investigation is the singular attempt to 
provide information in this area. 
Exposure of animals — Twelve male adult guinea-
pigs, weighing 490-500 g, were fed pellet diet of 
Hindustan Lever Ltd, and given water ad libitum. 
The animals were divided into 2 groups of 6 each. 
Animals of the control group inhaled room air in 
cages, whereas those of the experimental group were 
exposed to a mixture of suctioned air at the rate of 
917000 ml/min and H2S gas at the rate of 16.6 ml/min, 
maintaining a ratio of 20 ppm HjS in air which is 
equivalent to Maximum Allowable Concentration 
(M.A.C.) levels^* in a newly constructed inhalation 
chamber for inhalation studies (Capacity 0.765 m*, 
temp. 30° ± 4°C and humidity 40%) for 1 hr daily 
for 11 days. HgS gas was slowly injected into 
the chamber through a nair inlet pipe by the 
displacement of the gas filled in a flask with 
TABLE 1 — LEVELS OF PHOSPHOLIPIDS, TOTAL LIPIDS, CHOLESTEROL AND THE RATE OF LIPID PEROXIDATION IN DIFFERENT 
REGIONS OF THE GUNIEAPIG BRAIN FOLLOWING EXPOSURE TO HYDROGEN SULHDE 
[Values, expressed as mg/g fresli wt, are mean ± SE of 12 animals] 
Compound 
Total lipids 
Phospholipids 
Cholesterol 
Lipid peroxidation 
P values » < 0.05; 
Cerebral 
Control 
111.04 
±12.76 
45.27 
± 5.37 
20.05 
± 1.30 
1.188 
±0.111 
hemisphere Change 
(%) 
Exptl. 
72.65>' 
±7 .11 —34.5 
40.28" 
± 4.34 —11.02 
19.75 
± 1.15 —1.5 
Cerebellum 
Control Exptl. 
112.16 
±13.57 
44.13 
± 5.15 
19.90 
± 1.20 
107.57 
±10.76 
42.65 
± 4.81 
19.82 
± 1.16 
nmole of Malonaldehyde formed/30 min 
2.185* 
±0.182 +18.4 
» < 0-001 
Change 
- (%) 
—4.1 
—3.3 
—0.4 
Brain stem 
Control Exptl. 
130.81 
±15.78 
53.73 
± 6.01 
23.01 
± 1.58 
105.41'^  
±10.53 
42.31>' 
± 4.75 
22.42 
± 1.32 
Change 
(%) 
—19.4 
—21.2 
—2.6 
P, o j ; 
(•J h "J 
the saturated solution of HaS from a graduated 
aspirator. The quantity of gas forced into the 
chamber was measured by the amount of liquid flow-
ing into the flask^^'^'. HaS samples contained trace 
amounts (0.001-0.005 ppm) of sulfur dioxide and 
sulfur trioxide as analysed by Jacobs^ .^ The animals 
were sacrificed by decapitation on the 11th day of 
the exposure and their cerebral hemisphere, brain 
stem and cerebellum were rapidly dissected out in 
a cold room (20° ± 2°C). They were weighed to 
the nearest mg on a single pan electrical balance 
(100-500 mg). Lipids were extracted by homo-
genizing the given jpart of the brain in (2:1, v/v)i' 
chloroform—methanol mixture. 
The total lipids were estimated according to the 
method of Woodman and Price^". Phospholipids 
were determined by the method as described by 
Fiske and Subbarow^ .^ Cholesterol was estimated 
according to the method of Bloor et aP^. The 
method of Utely et al.^^ was used for determining 
the rate of lipid peroxidation. HaS contents were 
estimated by the dimethyl phenylene diamine method 
of Jacobs et alP. The data were analysed statisti-
cally using Student's 't' test. 
Following the exposure of guineapigs, to HaS 
signs such as fatigue, somnolence, dizziness, itching 
and eye irritation were observed. 
Results presented in Table 1 show significant lower-
ing of total hpids and phospholipids in cerebral 
hemisphere and brain stem (P < 0.05 and < O.OOl). 
However, the diminution of these levels in cere-
bellum was insignificant. Furthermore, no signi-
ficant change was observed in the levels of choles-
terol in different regions of brain. The rate of 
lipidperoxidation was increased in cerebral hemis-
phere (P < 0.05). 
The concentrations of total lipids and phospho-
lipids were significantly reduced in cerebral hemis-
phere and brain stem. Levels of cholesterol, how-
ever, remained unchanged. No significant change 
was detected in the cerebellum. The brain is very 
heterogeneous organ. In some way it is more a 
collection of disparate organs than a single entity. 
This is exemplified by the regional differences in the 
alterations in lipid concentrations caused by HaS. 
The lipids of various tissues are known to be in a 
dynamic steady state in that there is a continuous 
replacement of existing molecules by new ones^*. It 
is clear that the exposure to HgS causes a depletion 
of phospholipid and total lipid contents of the cere-
bral hemisphere and brain stem without affecting the 
cerebellum. Two possible explanations for the 
depletion of lipids can be given. First, the rate of 
synthesis of phospholipids and total lipids may be 
inhibited by HaS. Second, the rate of degradation 
of lipids nuy be increased by HaS. The latter possi-
biUty appears more likely since the phospholipid 
constituents of biological membranes are subject to 
oxidative degradation. Lability in lipid peroxidation 
in membranes is a function of the polyunsaturated 
fatty acids content of constituent phospholipids. 
Membranes of subcellular organelles are also liable to 
damage from lipid peroxidation. The rate of lipid 
peroxidation, measured by thiobarbaturic acid 
reaction was increased in the cerebral hemisphere 
(18.4%). It is clear that the peroxidation of endo-
genous lipids has been enhanced by HaS. Further, 
study to evaluate the effects of higher concentrations 
of hydrogen sulfide on the rate of lipid peroxidation 
are underway. 
Thanks are due to CSIR, New Delhi for awarding 
a research fellowship to the senior author. Thanks 
are also due to Shri Mukhtar Ahmad for useful 
discussions. 
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Experiments to evaluate the neurochemical action of gaseous 
pollutants were performed in a specifically designed inhalation 
chamber. Exposure of guinea p/gs to W ppm of SO2 for one 
hour daily for 2 > days produced a significant depletion of total 
lipids and free fatty acids in all brain regions. Phospholipid and 
cholesterol content of the cerebellum and brain stem were also 
decreased, but were increased in cerebral hemisphere. Ester-
ified fatty acids were depleted in the cerebral hemisphere and 
brain stem, but exhibited increment in the cerebellum. The rate 
of lipid peroxidation and the activity of lipase were increased 
significantly in all the regions of the brain. The results clearly 
indicate thatS02-exposure induces degradation of brain lipids. 
Interestingly, the lipid contents are affected differentially in the 
various parts of the brain. 
INTRODUCTION 
Reports from Donora, Meuse Valley and London (Faith, 1959) imply that 
sulfur dioxide (SO2) as an air pollutant caused a large number of fatalities. The 
common symptoms of SO2 toxicity are damage to the respiratory tract, pneu-
monia, nasopharyngitis, fatigue, gastritis, and alterations in the sense of taste 
and smell (Zeller, 1853; Lehmann, 1893; Creenwald, 1954; Kehoe et a/., 
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1932; Ferris et al., 1967). Exposure to SO^ may also alter body weight and 
systolic blood pressure (Anderson, 1950). Electron microscopy has revealed 
morphological changes in the respiratory tract of the S02-€xposed rats 
(Dalham, 1956). Recently it has been demonstrated that exposure to SO2 leads 
to sulfitolysis of disulfide bonds of proteins and cystine resulting in the forma-
tion of (S-SO 3) bonds in the lungs, trachea and plasma of the rabbit (Gunnison 
et al., 1979). Interestingly, exposure to "SO2 has revealed its moderate activity 
in the brain (Balchum etal., 1960). Since the brain is full of lipids, it would be of 
interest to investigate the effects of SO2 on the lipid composition of the brain. 
Neurochemical studies of regional lipid changes of the guinea-pig brain 
following exposure to 10 ppm SO2 Maximum Allowable Concentration (MAC) 
have not been reported in the literature and the present investigation provides 
information on the effect of SOj on brain lipids. 
MATERIALS AND METHODS 
Animal Exposures 
An inhalation chamber cubical in shape was designed to expose the 
animals to well-controlled concentration of atmospheric pollutants (Fig. 1). 
The chamber atmosphere was generated by mixing a known quantity of air 
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with a contaminant gas, A British Standard Orifice Meter (Linford, 1961), 5 cm 
in dianneter was installed to nDeasure the quantity of air drawn into the cham-
ber. A large chamber (0.765 m') was designed to enable a uniform chamber 
atmosphere that would not be affected by the presence of animals. Two walls 
of the chamber were 1.8 cm plywood board and the other two sides were made 
of transparent glass. The inner surface of the plywood side was painted with a 
synthetic enamel adhesive paint which was impervious to chemicals. The 
chamber can easily be cleaned from inside by removing the glass sides which 
are fixed by screws through rubber packings. The deflector inside the chamber 
provides uniform distribution of contaminant. The use of plastic air-intake and 
-discharge pipes has prevented the possible chemical reaction of contaminant 
gases. A perforated gauze inside the air intake pipe facilitates the turbulent flow 
of the contaminated atmospheres (Fig. 1). 
Twenty-four male adult guinea pigs, weighing 250-500 g, were divided 
into two equal groups; a pellet diet (Hindustan Lever Ltd., India) and water 
were provided. Control animals inhaled room air, whereas experimental ani-
mals were exposed to 10 ppm SO2 equivalent to MAC for one hour daily for 21 
days. Ambient air at the rate of 917 l/min and SO2 at the rate of 9.4 ml/mrn were 
dfawn into the chamber. Prior to its entry into the' chamber, the contaminated 
air was passed through a Whatman filter paper No. 1 (0.4 /A in diameter) to 
collect dust particles and to purify the ambient air. A flask was filled with a 
saturated solution of SO2. A Woulfs bottle was connected through a capiUafy 
to this flask and SO2 was produced. The solution in the flask was displaced fully 
by SO2 and collected from the other capillary into a trough (see No. 9, Fig. 1). A 
known quantity (562.5 ml/hr) of the sanrw liquid was transferred from the 
graduated aspirator (No. 6, Fig. 1) at a constant rate. The displaced SO2 was 
then ejected Into the airstream through a bent tube, 0.8 cm in diameter at a 
constant rate. The quantity of SO2 forced into the chamber was the same as that 
of the liquid transferred from the graduated aspirator. During this experiment 
temperature varied from 29-3 r c , humidity was 65-80% and pressure was 760 
mm Hg. The contaminated air samples were analyzed by the H2O2 method as 
described by Jacobs (1960). The samples were absorbed in 0.03 N H2O2 
reagent and transferred to a stoppered glass container, then 3 drops of mixed 
indicator (0.06 g bromocresol green and0.04 g methyl red in 100 ml methanol) 
were added and titrated with standard 0.002 N NaOH until the color changed 
from red to green. A reagent blank was titrated in the same manner, and this 
result was subtracted from the sample titer. Thus the net titer of 0.002 N NaOH 
(In ml) multiplied by 24.47 gave ml of SO2. 
The guinea pigs were killed by decapitation on the 21st day of exposure 
and the brains were removed, and their cerebral hemisphere, cerebellum and 
brain stem were rapidly dissected out on an ice plate. 
Extraction ami Analysis of Blain Lipids 
Different parts of the braii»"were homogenized with a Teflon pestle in 
chloroform - methanol (2:1) v/v, according to the method of Folch et a/. (1951) 
and isolated as described by Islam et a/. (1980). The analysis oi total lipids was 
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performed according to the method of Woodman and Price (1972). Phosphate 
was determirwd by the method of Marinetti (1962). Cholesterol was estimated 
by Liberman-Burchard reaction (Bloor et al., 1922). Free fatty acids were 
assayed by the procedure as described by Mosinger (1965). The concentration 
of esterified fatty acids was evaluated by using the method of Stern and Shapiro 
(1953). 
Determination of Lipid Peroxidation 
Different parts of the brain were homogenized with a Teflon pestle in 
chilled 0.15 M KCI, volume was adjusted to give a 10% (w/v) homogenate. For 
assay of l ipid peroxidation, 1 ml of homogenate was incubated at 37 ± TC in a 
metabolic shaker for 2 hr. One ml of 10% w/v trichloracetic acid was added 
and after thorough mixing, the reaction mixture was centrifuged at 2000 g for 
10 min. One ml of the clear supernatant was mixed with 1 ml of 0.67% (w/v) 
2-thiobarbituric acid (Sigma Co., USA) and held in a boiling water bath for 10 
min, cooled and diluted with 1 ml distilled water. The absorbance of the 
solution was read at 535 nm and results expressed as nanomoles of malonel-
dehyde formed/30 min. The extinction coefficient was 1.56 x 10* as described 
byUtelyeta/.(1967). 
Determination of Lipase Activity 
Lipase activity was determined by the method of Tietz and Fiereck (1966). 
The homogenate in 0.15 M KCI was centrifuged at 5000 rpm and 1 ml of the 
supernatant was assayed for lipase activity. The results are expressed in Interna-
tional unit/g of fresh brain. The data were analyzed using Student's t-test. 
Significant differences between means of exposed and control groups were 
calculated and p values were obtained. 
RESULTS 
The exposure of guinea pigs to SO2 led to signs of nasopharyngitis, 
somnolence, staggering, itching, preening, skin and eye irritation. Tables 1 and 
2 show that 10 ppm of S02-induced alterations in the levels of total lipids, 
phospholipids, cholesterol, free and esterified fatty acids, lipid peroxidation 
and lipase activity. A statistically significant decrement in total lipid content of 
the cerebral hemisphere and brain stem were found (P <0.001 and P >0.05). 
Lipid depletion in cerebellum was insignificant. The levels of phospholipids 
were significantly increased in the cerebral hemisphere (P <0.(X)1) and de-
creased in cerebellum (P <0.05). The concentration of cholesterol showed 
significant increase in cerebral hemisphere (P <0.05); but the cholesterol 
concentration was de< reased significantly in the cerebellum and brain stem (P 
<0.05) The values of free fatty acids were significantly diminished in cerebral 
hemisphere, cerelx-'llum and brain stem (P <0.05, P <0.02 and P <0.(X)1). 
Esterified fatty acids were depleted significantly in cerebral hemisphere and 
brain stem (P <0.05 and P <0.001). Interestingly, these levels were inc reastxl in 
the cerebellum (P <0.0()1). fhe rale of lipid peroxidation and the activity of 
Wtj\} 
SO}-IN0UCtD I I A i N imO ALTtlATIONS UT 
TAILE 1. Alrerattons in the Regional Lipid Pmfiles of the Guinea Pig Brain following Exposure to SO} (10 
ppm) for One Hour Daily for 21 Days 
CoTTipound 
Total lipids 
Phospholipids 
Cholesterol 
Free fatty acids 
Eslerified 
fatty acids 
Cerebral Hemisphere 
Control Exposed 
147.97* 
±3.56 
40.63 
±2.08 
17.52 
±1.98 
7.89 
± 1.78 
68.26 
±1.93 
109.66* 
±5.26 
(-26%)* 
53.12' 
±1.45 
(•31%) 
22.92* 
±2.02 
(•31%) 
6.86' 
±0.77 
(-13%) 
47.35' 
±2.13 
(-31%) 
Cerebellum 
Control Exposed 
154.33 
± 14.70 
61.11 
±6.48 
24.85 
±2.43 
11.49 
±0.78 
48.84 
±2.46 
123.63 
±7.01 
(-20%) 
50.67' 
±2.04 
(-17%) 
17.51' 
± 1.98 
(-30%) 
8.04* 
±0.81 
(-30%) 
56.75* 
±3.27 
(•16%) 
Brain Stem 
Control Ej^xned 
196.33 
± 16.00 
61.S4 
± 1.17 
28.% 
±3.82 
17.44 
±1.58 
82.17 
±3.09 
157.58' 
±8.07 
(-20%) 
59.86 
±1.39 
(-3%) 
20.18' 
± 1.08 
(-30%) 
11.46' 
±1.07 
(-34%) 
66.99* 
±2.53 
(-18%) 
P values: '<0.005; •<0.02; •<0.01;«<0.001. 
'Figures in parentheses indicate per cent change compared to controls. 
'Values expressed as mg/g fresh weight are mean ± SE of 12 animals. 
TABLE 2. Alterations in the Rate of Lipkf Peroxidation and ttie Activity of Lipase in the Guinea Pig Brain 
following Exposure to SOj (10 ppm) One Hour Daily for 24 Days 
Brain Regions 
Cerebral 
hemisphere 
Cerebellum 
Brain stem 
Rate of Lipid Peroxidation 
(Nanomoles Malonaldehyde fonned /30 min) 
(Mean ± SE) 
Control 
N ' - 6 
3.865 ± 0.3% 
2.648 ± 0 . 1 % 
2.809 ± 0.224 
Exposed 
N - 6 
5.489 ±0.134' 
(•42%)* 
5.227 ±0.172' 
(•97%) 
3.530 ± 0.262' 
(•25%) 
Lipase Activity 
(International UnH/g) 
(Mean ± SE) 
Control 
N - 6 
0.350 ± 0.020 
0.280 ±0.021 
0.186 ±0.043 
Exposed 
N - 6 
1.066 ±0.380' 
(•205%) 
0.886 ± 0.266' 
(•216%) 
0.644 ± 0.288' 
(•245%) 
Pvalues:'<0,05;»<0.001. 
'N - Number of animals used in each experiment 
'Figures in parentheses indicate per cent increased compared to Controls. 
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lipase were significantly increased in all the regions of the brain (P <0.05 and P 
<0.001). 
DISCUSSION AND CONCLUSIONS 
Exposure of guinea pigs to SO2 (10 ppm) has shown alteration in the 
regional l ipid profiles of the guinea pig brain (Tables 1 and 2). The concentra-
tion of total lipids was depleted significantly in all the brain regions except 
cerebellum. In the cerebral hemisphere a significant increase in the phospha-
lipid and cholesterol levels was matched by depletion of free and esterified 
fatty acids. To date, no report is available on the quantitative estimation of 
various l ipid fractions in different regions of the guinea pig brain following 
exposure td SO2. A report on alterations in serum lipid levels after occupational 
exposure to carbon disulfide (CS2) indicates that CS2 raises the rate of lipid 
metabolism (Rudkowska et a/., 1978). In another study (Wronska-Nofer, 1976) 
the specific activity of " P phospholipids was measured in plasma and the wall 
of aorta after CS2 intoxication. Intoxication by CS2 brought about elevation of 
the phospholipids in the blood, but about 90% of the newly appearing phos-
pholipids in the aorta were found to be due to de novo synthesis. The rise of the 
specific activity of aortic phospholipids was due to an increased rate of 
phospholipid synthesis (Wronska-Nofer, 1976). In the present study it appears 
that SO2 affects the lipid fractions differentially in the cerebral hemisphere, 
cerebellum and brain stem. Whereas, in the cerebellum, esterified fatty acids 
were significantly increased, cholesterol and free fatty acids showed significant 
depletion. On the other hand, in the brain stem all the lipid fractions were 
significantly decreased. The lipid fractions consistently exhibited a significant 
elevation of phospholipids and cholesterol in the cerebral hemisphere, and 
esterified fatty acids in the cerebellum. This might be explained on the basis of 
the fact that the brain is a very heterogeneous organ; in some ways it is more a 
collection of disparate organs than a single entity. This heterogeneity is of great 
importance in the evaluation and interpretation of the biochemical findings 
(Hertz, 1969). This is exemplified by the regional differences in the alterations 
in lipid cpncentrations caused by SO2. The lipids of various tissues are known 
to be in £| dynamic steady state in that (here is a continuous replacement of 
existing miplecules by new ones (White e( a/., 1959). The depletion of the levels 
of total lipids might be due to the significant increase in the rate of lipid 
peroxidation in all the brain regions. Recently, the exposure of guinea pigs to 
H2S (20 pprq) for one hour daily for 11 days showed decrement in the contents 
of total lipifis, phospholipids and cholesterol, and an increase in the rate of 
lipid peroxidation (Haider ef a/., 1980). The results presented here, following 
exposure of guinea pigs to SOj, seem to be almost identical insofar as these two 
parameters are concerned. This finding explains that exposure to SO< has led to 
the degradation pf lipids. Previously it was suggested by Haz/ard el al. (1969) 
and Ham and Roi^ e (1969) that a reduct»d lipoprotein lipase activity may IK? a 
fador contributing to the increased plasma lipid. In the light of this report, it 
may be concluded that the increase in the activity of lipase is also a factor 
contributing to the decrement of total lipids in all the brain regions. Further 
SOrlNDUCEDItAiNttNDAlTIRATIdNS 4«« 
Studies utilizing radioactive Isotope labelling might allow a betted Insight Into 
the effect of SO2 on the rate of turnover of lipid fractions In the different regions 
of the brain. 
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Air Pollutant Sulfur Dioxide-induced Alterations on 
the Levels of Lipids, Lipid Peroxidation and Lipase Activity in 
Various Regions of the Rat Brain 
By 
S. Saleem Haider, Mahdi Hasan & N H. Khan* 
(Received November 5, 1981, Accepted January 25, 1982) 
Ahstiact The exposure of rats toSO2(10p p m )for one hour daily for 30 days caused depletion of totallipids in 
all brain areas The contents of phospholipid were elevated in cerebellum and brain stem, but were depleted in 
cerebral hemisphere Cholesterol levels showed an increase in various brain regions On the other hand, 
gangliosides were increased in cerebellum and brain stem, but were decreased in cerebral hemisphere 
Interestingly, cholesterol/phosphohpid ratio was increased in different regions of the brain Lipase activity was 
elevated in cerebral hemisphere Lipid peroxidation showed marked increment in whole brain and in all the 
brain areas studied The results suggest that S02-exposure induces degradation of lipids Interestingly, the lipid 
contents are affected differentially m the various parts of the brain 
Key-woids SO2 ( l O p p m ) - M A C - total lipids - phospholipids - cholesterol - gangliosides - lipid 
peroxidation - lipase activity - regional lipid profiles - rat brain 
Pollution of the environment is now recognized as a 
major threat to social, economic development and 
even to man's survival (Zuzik 1971) The variety of 
gaseous pollutants in the environment is enoi mous 
Kinney (1971) has named sulfur as the whipping 
boy in air pollution Exposures to SO2 in significant 
concentrations produce toxic symptoms, thicken-
ing of the mucous layer of the respiratory tract, 
pneumonia, nasopharyngitis, fatiguability, gastri-
tis and alterations in the sense of taste and smell 
(Ferris 1967) Interestingly, exposure to "SO2 has 
revealed its moderate activity in the brain (Bal-
chum et al 1960) Since brain is full of lipids, 
therefore, our major thrust is to investigate the 
effect of SO2 on the lipid composition in different 
brain areas We have reported (Haider <?/a/ 1980 & 
1981) that exposure of guinea pigs to H2S (20 
p p m ) and SO2 (10 p p m ) one hour daily for 11 
and 21 days respectively, exhibited decrement of 
lipid levels and elevation of lipid peroxidation 
Neurochemical studies of regional lipid changes in 
the rat brain have so far not been reported in the 
literature and the present investigation provides 
information on the effect of SO2 on brain lipids 
Materials and Methods 
Animal exposwes Animals were exposed in a specifically 
designed "Exposure Chamber foi Testing Atmospheric 
Pollutants by Inhalation' according to the technique as 
described by Haider el al (1981) 
Twelve male adult albino rats (Charles Foster Strain), 
weighing 150-200 g were divided into two equal groups, a 
pellet diet (Hindustan Lever Ltd , India)* and water were 
* The composition of the pellet coi responded to the 
Nutritional Standards of the US National Reseaich 
Council's Publication No 990, "Nutritional Requiie-
inents of Laboratory Animals" 
)^ ^  r: /Co J 
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provided Illumination m the colony room was main-
tained on 12 hrs light, 12 hrs dark schedule Control 
animals mhaled room air in exposure chambci, wheieas 
cxpcnmcntal animals were exposed to 10 p p m SO2 
equivalent to Maximum Allowable Concentration 
( M A C ) for one hour daily for 30 days The con-
taminated atmospheie of SO2 in the chamber was ob-
tained by mixing continuously ambient air at the rate of 
917 l/mm (1 528X10"* mVsec ) and SO2 9 4 ml/mm 
(1 566X10' mVsec) at a constant rate During this 
experiment temperature was 25°, humidity recorded 60 % 
and pressure was 760 mmHg The contaminated air 
samples were analyzed by the H2O2 method as described 
by Jacobs (1961) 
The rats were killed by decapitation on the 30th day of 
exposure and the bi ams were removed, and their cerebral 
hemisphere, cerebellum and brain stem were rapidly 
dissected out on an ice plate 
E\tiaction and analysis of bi am lipids Different parts of 
the brain were homogenized with a Teflon Pestle in 
chloroform-methanol (2 !) v/v, according to the method 
of Folch et al (1951) and isolated as described by Islam <?/ 
al (1980) The analysis of total lipids was performed 
according to the method of Woodman & Price (1972) 
Phosphate was determined by the method of Mannetti 
(1962) Cholesterol was estimated by Liberman-Burchaid 
reaction (Bloore; fl/ 1922) Ganghosides were assayed by 
the procedure as described by Poller el al (1978) 
Deleimmalwn of lipid pel oxidation Different parts of 
the brain were homogenized with a Teflon Pestle in 
chilled 0 15 M KCl, volume was adjusted to give a 10% 
(w/v) homogenate For assay of lipid pei oxidation, I ml 
of homogenate was incubated at 37±1° in a metabolic 
shaker for 2 hrs One ml of 10% w/v trichloroacetic acid 
was added and after thorough mixing, the reaction 
mixture was centifuged at 2,000 r p m for 10 mm One ml 
of clear supernatant were mixed with I ml ol 0 67 % (w/v) 
2-thiobarbituric acid (Sigma Chemical Co , St Louis, 
Mo , U S A ) and held in a boiling water bath for 10 mm , 
cooled and diluted with 1 ml distilled water The ab-
sorbance of the solution was read at 535 nm and results 
expressed as nanomol malonaldialdehyde formed/30 mm 
The extinction coefficient was I 56X10* as described by 
Utely el al (1967) 
Deteimmalion of lipase activity Lipase activity in 
cerebral hemisphere was determined by the method of 
Tietz&riereck (1966) as modified by Haider e/a/ (1981) 
The homogenate in 0 15 M KCl was centrifuged at 5,000 
r p m and 1 ml of the supei natant was assayed for lipase 
activity The results were expressed in international 
unit/g of fresh brain tissue The data were analysed using 
Student's t-test Significant differences between means of 
exposed and control groups were calculated and P values 
obtained 
Results 
The exposure of rats to SO2 led to signs of 
nasopharyngitis, somnolence, staggering, itching, 
preening, skin and eye irritation Tables 1 and 2 
show that 10 p p m of S02-induced alterations in 
the levels of total lipids, phospholipids, cholesterol, 
ganghosides, lipid peroxidation and lipase activity 
A statistically significant decrement in total lipid 
contents in all areas of the brain was found 
Table 1 
Alterations in the regional lipid profiles of the rat brain following exposure to SO2 (10 p p m ) for one hour 
daily for 30 days 
Brain lipids 
Total lipids 
Phospholipids 
Cholesterol 
Ganghosides 
Cerebral h( 
Control 
141 32 
± 2 02 
39 58 
± 2 5 1 
13 27 
± 0 69 
0 607 
±0 001 
emisphcre 
Exposed 
123 82** 
± 5 54 
( -12%) 
37 04 
± 1 74 N S 
( - 6%) 
15 71* 
± 0 79 
(+18%) 
0 330*** 
±0 008 
( -46%) 
Ceiebellum 
Control 
167 26 
± 8 0 1 
54 87 
±1 35 
13 76 
± 0 18 
0 732 
±0 07 
Exposed 
123 85*** 
±5 12 
( - 26%) 
62 77**"' 
±1 65 
(+ 14%) 
28 66*** 
±0 33 
(+108%) 
0 926*** 
±0 10 
(+ 26%) 
Brain 
Control 
192 84 
± 9 97 
51 96 
± 2 56 
25 62 
± 2 43 
0 380 
± 0 04 
stem 
Exposed 
134 22*** 
± 5 98 
( -30%) 
56 27 
± 2 3 7 N S 
(+ 8%) 
29 21 
±1 95NS 
(+14%) 
0 403*** 
± 0 092 
( + 22%) 
P values *<0 05, •*<0 02, ***<0 001 
Figures in parenthesis indicate per cent change compaied to controls Values expressed as mg/g fresh weight are 
mean±S E of 12 animals 
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Alterations m the lipid peroxidation and the lipase activity following exposure to SO2 (10 p p m ) for one hour daily 
for 30 days 
Brain regions 
Lipid peroxidation 
(nanomol malonaldialdehyde formcd/30 min ) 
( M e a n i S E ) 
Control Exposed 
N = 6 N = 6 
Lipase activity 
(International unit/g) 
(Mean±SE) 
Control Exposed 
N = 6 N = 6 
Whole brain 
Cerebral hemisphere 
Cerebellum 
Biain stem 
7 51 ±0 07 
8 26±0 32 
6 58±0 13 
4 91 ± 0 044 
9 i0±0035'- ' 
( + 21%) 
9 67±0 15* 
(+17%) 
8 32±0 063** 
( + 26%) 
5 83 + 0 155 
(+19%) 
0 224+0 021 
P values *<0 02, **<0 001 
N = Number of animals used in each experiment 
figures in parentheses indicate per cent increase compared to controls 
0 336+0 019** 
( + 50%) 
236 
( P < 0 02, P < 0 001 and P < 0 001) The levels of 
phospholipids were increased in cerebellum ( P < 
0 001), and inbra ins tem, the increase was only 8%, 
cerebral hemisphere exhibited depletion of only 
6% The concentration of cholesterol increased 
significantly in cerebral hemisphere and cerebellum 
( P < 0 05, P < 0 001), but elevation in brain was 
only 14% Whereas, gangliosides were significantly 
elevated in the cerebellum and brain stem 
( P < 0 001), but were diminished in the cerebral 
hemisphere P < 0 001) Lipase activity was sig-
nificantly increased in cerebral hemisphere 
( P < 0 001) Lipid peroxidation was elevated in 
whole brain ( P < 0 001), cerebral hemisphere 
( P < 0 02), cerebellum ( P < 0 001) and in brain stem 
( P < 0 02) In spite of the varied response of chol-
esterol and phospholipid levels, the cholesterol/ 
phospholipid ratio increased in all brain regions 
(table 3) 
Discussion 
Up to date, no report is available on the quantita-
tive estimation of various lipid fractions in different 
areas of the rat brain following exposure to SO2 
Haider et al (1980) have shown that exposure of 
guinea pigs to H2S (20 p p m ) for one hour daily 
for 11 days led to decrement in lipid fractions and 
increased lipid peroxidation Recently, it has also 
been demonstrated (Haider et al 1981) that ex-
posure of guinea pigs to SO2 (10 p p m ) for one 
hour daily for 21 days produced a significant 
depletion of total lipids Interestingly, the lipid 
fractions were affected differentially Lipid peroxi-
dation and the activity of lipase were increased 
significantly in all the regions of the brain The 
results of both the studies clearly indicate that SO2-
exposure induces degradation of brain lipids In the 
present study the regional differences in the lipid 
Table 3 
S02-induced elevation 
Biain regions 
Cerebral hemisphere 
Cerebellum 
Biain stem 
of c/] 0 ratio m the rat brain 
Cholestcrol/phospholipid ratio 
Control Exposed 
0 335 + 0 027 
0 250 + 0 040 
0 493 + 0 02 
0 424+0 044 
0 456+0 049 
0 519+0 03 
% Elevation 
( + 26%) 
( + 82%) 
(+ 5%) 
P value 
< 0 05 
< 0 00l 
NS 
S SALEEM HAIDER /Jr/f/, 
contents caused by SO2 are exemplified by the fact 
that the brain is a very heterogenous organ In some 
ways It IS a collection of disparate organs than a 
single entity This heterogeneity is of great im-
portance in the evaluation and inteipretation of the 
biochemical findings (Hertz 1969) 
This might also be explained on the basis of the 
fact that myelin sheaths and the neuropil of gray 
matter account for much of the total hpid content 
of brain tissue (Robins 1956) Cholesterol has been 
suggested as a lipid that is characteristic of myelin 
sheaths, because it occurs in white matter in 
amounts greatly exceeding those in gray matter 
(Brante 1949) The lipids of various tissues are 
known to be in a dynamic steady state in that there 
IS continuous replacement of existing molecules by 
new ones (White e/fi'/ 1959) 
Gangliosides are mainly localized in the follow-
ing two fractions of the brain A minor amount of 
ganglioside appear to serve a structural role in the 
myelin matrix (Ramsey & Nicholas 1972) How-
ever, the bulk of the ganglioside in brain is found in 
the outer membrane of the nerve endings They are 
involved in nerve impulse conduction since they act 
as receptor sites for neurotoxins (Van Heyningen 
1959, North et a/ 1961) It has been demonstrated 
that the distribution of gangliosides resembles that 
of y-ammobutyric acid (Lowden & Wolfe 1964) 
Irwin & Samson (1971) have also indicated that 
certain types of behavioral stimulation (stress, 
exercise, sensory stimulation, learning) seem to be 
accompained by alteration of ganglioside metab-
olism, compared to corresponding control animals 
Whatever the specific role or roles of gangliosides 
in brain, it is clearly evident by now that they serve 
an active rather than a passive function No 
information is available thus far, on the ganglio-
side levels in the rat brain following exposure to 
SO2 At present the mechanism of action of SO2 on 
gangliosides is obscure 
Peroxidation involved the direct reaction of 
oxygen and lipid to form free radical intermediates 
and semistabic peroxides Lipid peroxidation is 
damaging because of the subsequent reactions of 
free radicals, mainly peroxy radicals that are pro-
duced (Tappel 1970) Considering that unsaturated 
fatty acids which undergo peroxidation are im-
portant constituents of biological membranes, 
structural and functional deterioration of biolog-
ical membranes may follow Mitochondrial swel-
ling and decrease in oxidative phosphorylation 
(Utsumi eta/ 1965), release of hydrolytic enzymes 
fiom lysosomes (Wills & Wilkinson 1966), and 
change in endoplasmic reticulum(Bidlack&Tappel 
1974) have all been described as biochemical 
distortions following lipid peroxidation 
Lipid peroxidation in vivo has been claimed to be 
of basic importance in aging, damage to cells by air 
pollution and in oxygen toxicity (Tappel 1973) On 
the other hand, studies suggest that radiation 
hazards (Inouye et al 1979) or influence of various 
environmental pollutants (Mudd & Freeman 1977) 
are closely related to lipid peroxidation The effects 
of sulfur oxides on living organisms in an experi-
mental model have shown that sulfite oxidation is 
remarkably accelarated by superoxide anion radi-
cal (O2) and Mn^*, suggesting sulfite radical forma-
tion in oxidation process (Inouye et al 1978) It is 
already known that the sulfite accelerates lipid 
peroxidation in vitro Tyler (1975) also observed the 
acceleration of mitochondrial lipid peroxidation by 
sulfite 
The amount of manonaldialdehyde produced, 
as measured by thiobarbitunc acid (TEA) assay, 
has been shown to be a true indicator of endogen-
ous lipid peroxidation (Tappel &Zalkin 1960) The 
brain homogenate has apparently the necessary 
unsaturated fatty acids and catalysis for peroxida-
tion in the architecture of the cell itself which are 
already available for reaction with molecular oxy-
gen to undergo lipid peroxidation 
Detailed mechanism of the sulfite-induced mal-
onaldialdehyde (MDA) formation is not clear 
However, as indicated by Asada & Kiso (1973), 
MDA formation seems dependent on sulfite radical 
formed by catalysis of metal ion, and O2 or OH 
formed in the process of sulfite oxidation In the 
present investigation, MDA formed due to SO2 
exposure was increased significantly in different 
regions of the rat brain The data indicate that SO2 
has led to degradation of lipids, which might be due 
to the significant increase in the lipid peroxidation 
in all the brain areas studied It is clear that the 
peroxidation of endogenous lipids has been en-
hanced by SO2 Recently, it has been shown by 
Haider et al (1981) that exposure of guinea pigs to 
SO2 (10 p p m ) increased the activity of lipase 
which might be a cause for the decreased concen-
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tration of total Irpids In the present study, the 
activity of hpasc had also shown elevation in 
cerebral hemisphere On the basis of this report, it 
can be assumed that the increase m lipase activity in 
the cerebral hemisphere might be responsible for 
the decrement of total lipids in different legions of 
the rat brain Further, studies utilizing radioactive 
isotope labelling might allow a better insight into 
the effect of SO2 on the rate of turnover of lipid 
fractions in the different areas of the brain 
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SHORT RUNNING TITLEt EFFECTS OF SOg AND HgS ON CNS LIPIDS 
ABSTRACT 
This s tudy was undertaken to p red ic t the neurochemical 
e f fec t s of two environmental f ac to r s s imul taneously . Guinea p igs 
were exposed a l t e r n a t e l y to SOg (10 p.p.m.) and HgS (20 p .p .m.) 
one hour da i ly for 30 days. Comhined t o x i c i t y of SOg and HgS 
revealed s t a t i s t i c a l l y s i g n i f i c a n t decrement of t he t o t a l l i p i d s 
i n a l l the reg ions of the b r a i n and sp ina l cord . A s i g n i f i c a n t 
decrement was a lso d i scern ib le i n t he l e v e l s of phospholipids i n 
the cerebra l co r t ex and sp ina l cord. While, phospholipids concen-
t r a t i o n was s i g n i f i c a n t l y e levated i n cerebellum and i n the b r a i n 
stem. The contents of cho l e s t e ro l exhibi ted remarkable dep le t i on 
i n a l l the reg ions of the b r a i n and sp ina l cord . In sp i t e of va r i ed 
response of c h o l e s t e r o l and phosphol ipids , C/P r a t i o showed dec re -
ment i n var ious regions of t he b r a in and s p i n a l cord . The concen-
t r a t i o n of f r ee f a t t y acids exhib i ted increment i n cerebra l cor tex 
and basal gang l i a , but the cerebellUM, b r a i n stem and sp ina l cord 
showed decrement. Remarkable dimini t lon i n the concentrat ion of 
e s t e r l f i e d f a t t y ac ids was d i sce rn ib le i n c e r eb ra l cor tex , cerebellum 
and i n the s p i n a l cord . I n t e r e s t i n g l y , these l e v e l s showed s i g n i -
f i can t e l eva t ion i n the b r a i n stem. On the o the r hand, the concen-
t r a t i o n of gangl ios ides showed a s i gn i f i c an t inc rease i n basa l 
gang l i a , cerebellum and i n the b r a i n stem. However, these l e v e l s 
were s i g n i f i c a n t l y decreased i n the cerebra l c o r t e x . Lipid 
peroxida t ion and l i p a s e a c t i v i t y showed remarkable e leva t ion i n 
d i f f e r en t reg ions of the b r a i n and sp ina l cord . The r e s u l t s c l e a r l y 
r t rj 
revealed tha t peroxidation of endogeneous l ip ids has been 
enhanced by SOg emd HgS. In teres t ingly , the l i p i d fractions are 
influenced dif ferent ia l ly in the C.H.S.' 
Key words I SOg (lOp.p.m.) -> HgS (20 p.p.m.) - M.A.C. -
t o t a l l ip ids - Phospholipids - Cholesterol -
free fat ty acids - es ter i f ied fa t ty acids -
gangliosides * l i p id peroxidation 
l ipase act ivi ty - C.F-*?-
(•} -.a O 
INTRODUCTION 
The combination of various external factors in or outside 
the work environment may well exert an affect different from that 
caused by any single exposure alone. Study of the effects of 
multiple eacposure to pollutant gases is a relatively unexplored 
area of occupational health (WHO, 1981). El Batawi (1971) sxiggested 
that hazardous exposures have dual effects, specific and non-
specific, the farmer being specific to the agent and the latter 
common to all types of stress. A recent WHO report (1975) stated: 
••too little is known about the relation of reported health effects 
of combined exposure to various biological, chemical, physical and 
psychological factors? upto now, only a very few data have been 
produced on synergistic responses resulting ffom interaction of 
work - related factors and also from the interaction of these with 
factors not related to work". Thus, a new challenge faces environ-
mental and health scientists, to understand and predict the effects 
of two or more environmental factors acting simultaneously or in 
sequence. When an organism is exposed simultaneously to a mixture 
of hazards, three possible effects can occur (WHO, 1981)j 
1. Independent - when each simultaneously occuring hazardous factor 
produces a different effect owing to a different mode of action. 
2. Sjmergistio - when the combined effect is greater than that of 
each single component of the mixture of hazards. Synergistic 
effects may be of two kindst 
(•-> ' ^ ( i 
(a) additive - when tiie magnitude of the eomhined effect i s 
equal to the sum of the effects produced by each hazard 
separately (addition, simmation) | 
(h) potent ia t ing - when the combined effect i s more than 
additive (potentiat ion, mul t ip l ica t ion) . 
3 . Antagonistic - when the combined effect i s lees than addi t ive . 
In the mammalian central nervous system, l ip ids comprise over 
ha l f of the t o t a l dry weight (Horrooks et a l . , 1975). Almost a l l 
the l ipids i n the C.H.S. are found in membranes of c e l l s . These 
brain l ip ids are constantly being synthesized, replacing other 
l i p i d molecules in the brain. 
fhe main objectives of the present investigation are to 
evaluate a l te ra t ions in the t o t a l l i p i d s , phospholipids, cholesterol , 
free fatty ac ids , ester if led fa t ty acids and gangllosides and to 
seek the i r possible correlat ion, If any, with the r a t e of l i p i d 
peroxidation and regional l ipase ac t iv i ty following combined SOg 
and HgS exposure of guinea pigs a t Maximum Allowable Concentration 
(M.A.C) levels In an exposure chamber specif ical ly designed for 
t h i s purpose (Haider et a l . , 1981). Previous studies have shown 
tha t eii5>osure to HgS alone (10 p^p.m., 1 hovae dai ly for 11 days) 
causes decrement of to ta l l i p i d s , phospholipids and cholesterol in 
the cerebral hemisphere, cerebellum and brain stem and Increased 
r a t e of l i p i d peroxidation (Haider et a l . , 1980), and on the other 
hand, SOg (20 p.p.m.) escposure causes depletion of t o t a l l i p ids In 
a l l the aforementioned brain regions but Increment of phospholipids 
' > ^ i ' 
.^ v; U 
and cholesterol in the cerebral hemisphere (Haider et al,, 1981). 
Furthermore, the latter caused depletion of free fatty acids in 
cerebrum, cerebellum and brain stem whereas, esterlfied fatty acids 
were increased in cerebellum. !I?he lipase activity and rate of 
lipid peroxidation, however, were increased in all the brain regions. 
KATERIAL XSD KETH0B3 
Animal exposuret 
Animals were exposed in a specifically designed "Exposure Chamber 
for Testing Atmospheric Pollutants by Inhalation" according to the 
technique as described by Haider et al. (1981). 
Fifty two male guinea pigs, weighing 250-400 g were divided 
into two equal groups, a pellet diet (Hindustan Lever Ltd., India) 
and water were provided. Illumination in the colony room was 
maintained on 12 hrs light, 12 hrs dark schedule. Control animals 
were kept under normal environmental conditions in the expostire 
chamber, whereas experimental group was exposed to the contaminated 
atmosphere of SOg (10 ppm) and HgS (20 ppm) in the exposure chamber 
alternately for one hour daily for 30 days. The contaminated atmos-
phere of SO2 stnd H2S was obtained by mixing continuously ambient 
air at the rate of 917 1/min. (U528 x 10"^mVs«C') .SOg 9.4 ml/min. 
(1.566 X lO^V/sec.) and HgS 18.35 ml/min.(3.055 x loV/sec.) 
at a constant rate. During this exp<»2>inent the temperature was 
25 i 2*0, pressure remained 760 m Hg and humidity was 50 + 105*. 
The contaminated samples were analyssed by the methods of Jacobs 
i'l •-: b 
«t al. (1957) and Jacobs (1960) respectively. 
The guinea pigs were killed by decapitation on the 30th day 
of exposure and brains were removed, and their cerebral hemisphere, 
cerebellum and brain stem were rapidly dissected out on an Ice 
plate. 
Eactraetion and analysis of brain lipidsi 
Different parts of the brain were homogenized with a Teflon Pestle 
in chloroform-methanol (2i1) V/V, according to the method of Folch 
et al. (1951) and isolated as described by Islam et al. (1980). 
The analysis of total lipids was performed according to the method 
of Woodman and Price (1972). Phosphate was determined by the 
method of Marinettl (1962). Cholesterol was estimated by Llberman-
Burchard reaction (Bloor et al. 1922). Gangllosides were assayed 
by the procedure as described by Pellet et al. (1978). Free and 
esterified fatty acids were estimated by the method of Moslnger 
(1965) and Stern and Shapiro (1953) respectively. 
Determination of Lipid Peroxidation: 
For the assay of lipid peroxidation different parts of the brain 
were homogenized in chilled 0.15M ZCl, volume was adjusted to give 
a 10^ (W/V) homogenate. One ml of the homogenate was utilized for 
the determination of lipid peroxidation as described by tJtely et 
al. (1967). 
O 1 :; 
DetTmlnatlon of Lipase A^tlYltyi 
Th« aotiTity of l ipase enzyme was determined by the method of 
TletB and Flereck (1966) as modified by Haider e t a l . (1981). The 
homogenate (10915 W/V) i n 0.15M KCl was centrlfuged at 5tOOO r.p.m. 
and 1 ml of the supernatant -was assayed for l ipase a c t i v i t y . The 
resu l t s were expressed i n International TTnit/g of fresh brain t i s s u e . 
S t a t i s t l o a l analysisI 
Results were given as mean + S.E.M. S t a t i s t i c a l analysis for s i g -
nificance between the means of the experimental and control groups 
was checked by Student's 't* t e s t , and •?• values calculated. •?• 
values l e s s than 0.05 were considered to be s ign i f i cant . 
Analysis of Variance (ANOVA) was calculated. Kxey were com-
pared by •?• t e s t . 
RESULTS 
The eaqposure of guinea pigs to SOg led to s igns of nasopharyngitis, 
preening and increased fa t iguab i l i ty while^exposure to HgS included 
s igns such as i r r i t a t i o n of skin and eye i t ch ing , increased 
fa t iguabi l i ty and somnolenee. 
The data embodied i n Table-1 depict the r e s u l t s of eiqposure 
of guinea p i g to an admixture of SOg and HgS for one hour da i ly for 
30 days. I t caused s t a t i s t i c a l l y s ignif icant depletion i n the l e v e l s 
of t o t a l l i p i d s i n cerebral cortex, (P/ 0 .02 ) , basal ganglia 
(P^O.01) , brain stem, (P/_0.001) and the spinal cord, (P/_0.001) . 
However, the cerebellum exhibited insignificeint deplet ion. 
{') -•-.• O 
Table-2 shove that comhined SOg and H^S exposure produced signi-
ficant decrease in the levels of phospholipids in the cerebral 
cortex, (PZ-0»01) an* spinal cord, (P/_0.01). While, phospholipid 
contents showed significant increase in cerehellum# (P/ 0.05) and 
in the brain stem, (P/ 0.02). but the increment in basal ganglia 
was only \i». The concentration of cholesterol exhibited signifi-
cant decrement in cerebral hemisphere, (P/ 0.001). basal ganglia, 
(P/ 0.001). cerebellum, (P/ 0.001). brain stem (P/ 0.001) and in 
the spinal cord, (P/_0.001), (Table-3)» On the other hand C/P 
ratio, (Table-4) showed significant decrement in cerebral cortex, 
(P/_0.05), brain stem, (Pii.0*05), and in the spinal cord (P^LO'OS). 
The data presented in Table-5 reveal elevated levels of free fatty 
acids in cerebral cortex (P/^O.OOI), and basal gna^ia, (P/_0.001). 
Interestingly, the contents of free fatty acids were depleted in 
cerebellum, (P^.0.001), brain stem, (P/_0.001) and in the spinal 
cord (P/ 0.001). Table-6 depicts the results of the combined 
toxicity of SO^ and HpS to the guinea pigs* Remarkable decrement 
in the contents of esterified fatty acids was discernible In cerebral 
cortex, (P/_0.02), cerebellum, (PZ„0,001), and in the spinal cord, 
(P/_^0.05), hut basal ganglia showed a decrease by only 4^. Interest-
ingly, the contents of esterified fatty acids showed increment by 
18^ in the brain stem. 
Table-7 summarize« the effects of SOg and HgS exposure on the 
ganglioside levels. The concentration of gangliosidee showed a 
significant increment in basal ganglia, (P/_0,001), cerebellum, 
(P/_0.001), and in the brain stem, (P/„0«02), but elevation of 
gangliosides was only by \'% in the spinal cord. However,gaxigllosldes 
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were algnifioantly depleted in the cerebral cortex.(P/ 0.0S)« 
Lipid peroxidation (Ta"ble-8) was remarkably increased in the 
different regions of the guinea pig brain following combined ex-
posure to SOg and HgS. (P/^0.05 and P/_^0.001). Table-9 shows that 
lipase activity was significantly raised in various regions of the 
brain (PZ_0«05 and :PlJ).OQ^), 
ANOTA (Table-10) re-^aled that variation within different 
regions of the brain is significant. On the other hand variation 
due to the effect of SOg and HgS in the regional lipid profiles 
is also significant, 
DISCUSSION 
Up to now, no report is available on the quantitative estimation 
of various lipid fractions, lipid peroxidation and lipase activity 
in the central nervous system (CNS) of the guinea pig following 
combined exposure to SOg and HgS at M.A.C. levels. Haider et al. 
(1980) have shown that exposure of guinea p i ^ to HgS (20 p.p.m.) 
for one hour daily for 11 days led to decrement in lipid fractions 
and increased lipid peroxidation. Recently* it has also been 
demonstrated (Haider et al. 19811 1982) that exposure of guinea pigs 
and rats to SO, (10 p.p.m.) for one hour daily for 21 and 30 days 
respectively produced a significant depletion of total lipids. 
Interestingly, the lipid fractions were affected differentially. 
Lipid peroxidation and the activity of lipase were increased 
significantly in all the regions of the brain. The results of our 
all the previous studies clearly indicate that separate expostires 
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to SOg and HgS induced degradation of brain lipids. In the 
present study combined toxicity of SOg and HgS decreased the levels 
of total lipids in all the regions of the brain. Moreover, contents 
of cholesterol exhibited decrement in different brain regions. 
Phospholipid concentration showed elevation in cerebelloa and brain 
stem. The increment of phospholipid contents in these regions is 
in good agreement with our recent findings (Haider et al.,1981| 
1982). On the other hand, phospholipid and cholesterol levels 
exhibited decrement in cerebral cortex and spinal cord. We have 
shown that exposure of guinea pigs to SOg led to decrement of free 
fatty acids in cerebellum and brain stem (Haider et al.,1981). In 
this study also decrement in free fatty acid concentration in 
cerebellum and brain stem is discernible. However, increased level 
of free fatty acids in cerebral cortex and basal ganglia was well 
matched by the decreased concentration of esterified fatty acids in 
these regions. Decrease in C/P ratio in all the regions of brain 
is in congruence with our previous study (Haider et al., 1981). 
Regional heterogeity exhibited by gangliosides was consistent with 
our recent study (Haider et al., 1982). In the present study the 
regional differences in the lipid contents are exemplified by the 
fact that the brain is a complex organ composed of many structural 
and functional components with markedly different and independently 
regulated levels of functional and metabolic activity. It is 
difficult to assess the levels of functional and metabolic activi-
ties in the same functional component of the brain at the same time 
(Sokoloff, 1979). This heterogeniety is of great importance in the 
evaluation and interpretation of the biochemical findings (Hertz, 
1969). Tble might b© aacplaiaed on the baflie of the fact that 
lipids comprise over half of the total dry weight in mammalian 
central nerrous system (Horrocks et al., 1975). The lipids In the 
brain are consistently being synthesized replacing existing lipids 
by new ones (White et al., 1979). 
Van Heyningen (1959) and Korth et al. (I96I) have shown that 
gangliosides are involved in nerve impulse conduction since they 
act as receptor sites for neurotoxins. Irwin and Sanson (1971) 
have also indicated that certain types of behavioral stimulation 
(stress* exeroisOf sensory stimulation, learning) seem to be accom-
panied by alteration of ganglioside metabolism, compared to corres-
ponding control animals. Vlhatever the specific role or roles of 
gangliosides in brain, it is clearly evident by now that they serve 
an active rather than a passive function. No information is available 
thus far, on the ganglioside levels in the OHS of the guinea pig 
following combined exposure to SOg and HgS. At present mechanism 
of action of sulfur gases on gangliosides is obscure. 
It is important that lipid peroxidation is a basic deteriora-
tive reaction that is involved in many disease processes and 
chemical toxicities (Tappel and Dillard, 1981). Recent interest in 
lipid peroxidation has probably resulted from the realization that 
oxygen radicals and other organic radicals do exist in biological 
tissues for an appreciable time (Tien et al., I98I). Tappel (1975) 
claimed that lipid peroxidation ^ n vivo has been of basic importance 
in aging, damage to cells by air pollution and in oxygen toxicity. 
Mudd and ?reeman (1977) have suggested that influence of various 
•nTlronmental pollutants are c lose ly related to l i p i d peroxida-
t ion* Free radicals vhich possess an odd niimber of electrons and 
have extreme r e a c t i v i t y , can oxidize membrane l i p i d s forming l i p i d 
peroxides (Domopoulos e t a l . , 1979). I t seems probable that 
membrane conformation may be of considerable importance ' in y ivo ' 
i n protecting the unsattirated fat ty acids i n the brain from the 
p o s s i b i l i t y of eneymic and non-enzymic l i p i d peroxidation (Player 
and Horton, 1982). The brain homogenate has apparently th© necessary 
unsaturated fa t ty acids and ca ta lys i s for peroxidation in the 
architecture of the c e l l i t s e l f which already avaiJiable for react ion, 
with molecular oxygen to undergo l i p i d peroxidation, 
Spectroscopically, Hayon et al« (1972) have proposed a mechan-
ism of s u l f i t e oxidation assuming that SOj radical i s cons is tent ly 
present in the react ions . Tuazon and Johnson (1977) have demonstrated 
the a b i l i t y of SO, to abstract a hydrogen atom from reduced n i c o t i -
namide adenine dinucleotide (KADH) during the sulf i te-^ediated 
oxidation of NADR to UTAB* 
Also, in l i v i n g organisms i t has been shown eagjerimentally 
that s u l f i t e oxidation i s remarkably accelerated by superoxide anion 
radical (Og) and Mn^*, siiggesting su l f i t e radical formation i n 
oxidation process (Inouye e t a l . , 1978), On the other hand, Lizada 
and Yang (1981) have reported that s u l f i t e can cause peroxidation 
of Poly unsaturated fatty acids (PDTFA) v ia a free radical mechanism. 
The observations suggest that sulfur gases can i n f l i c t b io log ica l 
damage ^n vivo by i n i t i a t i n g peroxidation of PUFA, particularly i n 
membranes. However, detailed mechanism of the sulf i te- induced 
malonaldialdehydt formation I s not c lear . 
llha more oommonly employed techniqueB for the determination 
of l ip id peroxidation i s "by estimating the production of malonaldial* 
dehyd© <plnk pigment) formed with 2*thi6harMturio acid (TBA) 
(Kartha and Krishnamurthy, 1978). Our recent studies (Haider et 
a l .» 1980; 1981j 1982) revealed that eaposure of guinea pigs and 
r a t s to a i r pollutants SOg and HgS induced remarkable increase in 
the malonaldialdehyde formation. In the present investigation also 
malonaldialdehyde formed due to the combined exposure to SOg and 
HgS was increased signif icantly i n the central nervous system of 
the guinea p ig . I t i s clear by now tha t peroxidation of endogenous 
l i p i d s Was enhanced by the given air pollutants and thus resul ted 
in to degradation of t o t a l l i p id s i n the GjHiS. 
"\ 
SJhompson (1964) described phospholipase 'A* and *B* ac t iv i ty 
in brain. Moreover^ nothing i s yet known about the cel lular or 
in t race l lu la r dis t r ibut ion of phospholipase ac t iv i ty i n nervous 
t issue (Webester and Thompson, 1965). I t was suggested that phos-
pholipase 'A' may function in brain in a cycl ical fashion, bringing 
about a continuous turnover of ^ l i n k e d fat ty acids of l ec i th in in 
some membrane struotures(Lands, I960). Recently, Maestro e t a l . 
(1980) have proposed that hydroxyl radical could react with 
plasmalenraal membranes i n i t i a t i n g chain reactions whicxh woiad r e s i a t 
i n the generation of l ipid peroxide rad ica ls , l i p id hydroperoxides 
and fragmentation products such as malonaldialdehyde. Kuehl e t a l . 
(1979) have shown that membranes phospholipase ac t iv i ty could be 
enhanced by OH radical which would re su l t i n araohidonio acid 
r e l ease and the gensratlon of various endoperozlde motabolites. 
The evidenoe for free radical aeohaalsms in the aeyiometrio lose 
of poly unsaturates from membrane phospholipids, leaTing saturates 
almost m t a o t , at time periods that far "beyond the temporary a c t l -
Tation of phosphollpase seen i n r a t decapitation experiments 
(Demopoiaos et a l . , 1980). 
On the basis of th is repor t i t can be concluded that combined 
tox ic i ty of SOg and HgS led to the generation OH radical in central 
nervous system thereby elevated l i p id peroxidation and l ipase 
ac t iv i ty . Our data i s in agreement with the aforementioned explana* 
t i o n of l i p id peroxide formation. Purtheri studies u t i l i z i ng 
radioactive isotope label l ing might allow a be t te r insight in to 
the combined effect of SOg and HgS on the r a t e of turnover of l i p id 
fractions in the central nervous system* 
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The effects of 60- and go-day administration of a pill 
containing 0.05 mg ethinylestradiol and .0.5 mg norgestrel on the 
regional lipid levels of female albino rabbit brains have been 
investigated. Decreased levels of total lipids, phospholipids, 
cholesterol, free fatty acids and esterified fatty acids were 
observed in hypothalamus, hippocampus, amygdaloid nucleus, midline 
nuclei of thalamus and gyrus cinguli. However, the levels of 
esterified fatty acids only in the amygdaloid nucleus and that 
of cholesterol in hypothalamus were significantly increased. 
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lUmODWIION 
I t i s g e n e r a l l y accep ted t h a t the major c o n t r a c e p t i v e a c t i o n 
of the o r a l c o n t r a c e p t i v e agent i s by nega t i ve feedback on the 
hypothalamus and the a n t e r i o r hypophysis . In epidemiologic s t u d i e s , 
Vessey and Doll ( 1 , 2 ) and Inman and Vessey (3) found s i g n i f i c a n t 
i n c r e a s e i n the death r a t e from thromboeiflbolic d i s e a s e s among 
women r e c e i v i n g o r a l c o n t r a c e p t i v e s c o n t a i n i n g O.OJ mg or more of 
e s t r o g e n . Dis turbances of l i p i d metabolism a re supposed t o be 
r e l a t e d t o the thromboembolic phenomena ( ' f ) . 
To d a t e , no r e p o r t i s a v a i l a b l e on the q u a n t i t i v e e s t i m a t i o n 
of l i p i d s i n d i f f e r e n t r eg ions of the r a b b i t b r a i n fol lowing 
s t e r i o i d c o n t r a c e p t i v e a d m i n i s t r a t i o n . I h i s paper i s des igned t o 
se rve a two-fo ld purpose ; f i r s t , t o o u t l i n e t he p re sen t s t a t e of 
our knowledge of l i p i d l e v e l s i n hypothalamus, hippocampus, 
amygdaloid n u c l e u s , mid l ine n u c l e i of thalamus and gyrus c i n g u l i ; 
and second, t o i n d i c a t e how far s t e r o i d c o n t r a c e p t i v e s can i n f l u e n c e 
t he l i p i d c o n t e n t s of t h e d i f f e r e n t r e g i o n s of t h e b r a i n , Tne d a t a 
p r e s e n t the f i r s t r e p o r t of the va lues of the r e g i o n a l b r a i n t o t a l 
l i n i d s , p h o s p h o l i p i d s , c h o l e s t e r o l , f r ee f a t t y ac ids and e s t e r i f i e d 
f a t t y ac id s and the e f f e c t s of s t e r o i d c o n t r a c e p t i v e s t h e r e o n . 
MAEERIAL AND METHODS 
Twenty-four a d u l t female a lb ino r a b b i t s (_'\2-^h months o l d ) 
weighing 1.5 ± 0 .02 kg were fed a p e l l e t d i e t (Hindustan Lever L t d . , 
I n d i a ) ad l i b i t u m and had f ree access t o wate r . They were d iv ided 
i n t o four groups , , two c o n t r o l and two expe r imen ta l , each comprising 
6 an imals . The s t e r o i d c o n t r a c e p t i v e Primovlar t a b l e t (Scher ing , 
German Remedies L t d . , Bombay) con ta in ing 0 .05 mg e t h i n y l e s t r a d i o l 
and 0. ? mg n o r g e s t r e l were used i n t h i s s tudy . One Primovlar 
( a suspen r ion of 1 t a b l e t / m l s a l i n e / d a y ) was i n j e c t e d i n t r a m u s c u l a r l y 
( i . m . ) t o t he r a b b i t s of the exper imenta l groups and the c o n t r o l 
group r e c e i v e d an equa l volume of p h y s i o l o g i c a l s a l i n e i .m . 
c o n c u r r e n t l y . Overnight f a s t e d animals were a n e s t h e t i z e d wi th 
e t h e r a f t e r 60 and 90 days and the b r a i n s were r a p i d l y removed, 
c l eaned of adher ing blood c l o t s and t h e i r hypothalamus, hippocampus, 
amygdaloid nuc l eus , mid l ine n u c l e i of thalamus and gyrus c i n g u l i 
were r a p i d l y d i s s e c t e d out as desc r ibed by McEwen and P t e f f ( 5 ) . 
The b r a i n was t r a n s e c t e d a t the genu of the corpus cal losum and 
i n the p lane i nc lud ing the op t i c chiasma and a n t e r i o r commissure. 
I t was t u rned ups ide down and i t s e n t i r e t e l e n c e p h a l i c component 
was removed by s l i c i n g through the i n t e r n a l c a p s u l e and fo rn ix and 
then t e a s i n g the deep t e l encepha lon f r ee of the d iencephalon and 
merencephalon. The t e l encepha lon was then l a i d open wi th i t s 
i n t e r n a l s u r f a c e up, l i k e a book and the e n t i r e hippocampus was 
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e a s i l y d i s s e c t e d out . The t e l encepha lon was t u rned over and t h e 
amygdala and i t s over ly ing c o r t e x removed by c u t t i n g along the 
r h m a l t i c sure on each hemisphere. The c i n g u l a t e gyrus was 
s e p a r a t e d from the remainder , the c e r e b r a l co r tex sample. The 
d iencepha l ic -mesencepha l ic p a r t was l a i d ups ide down, and t r a n s e c t e d 
ju=:t behind the mammillary b o d i e s . The hypothalamus was then 
d i s s e c t e d out by s l i c i n g s a g l t a l l y along the medial edge of the 
c e r e b r a l peduncle and h o r i z o n t a l l y 2 mm below the s u r f a c e . 
D i f f e r en t p a r t s of the b r a i n , weighing 50-200 mg, were 
homogenized i n a g l a s s homogenizer wi th 6 . 0 ml chloroform-methanol 
( 2 : 1 ) according to the method of Foloh e\^ ^ - ( 6 ) . Each homogenate 
wa^ "haken p e r i o d i c a l l y for an hour at room temp, and f i l t e r e d 
through s i n t e r e d g l a s s funnel (G- ' t ) . The r e s i d u e , thus ob ta ined , 
was again homogenized with 2.0 ml chloroform-methanol and f i l t e r e d . 
The f i n a l volume of each e x t r a c t was made up t o 10.0 ml wi th 
chloroform-methanol . Water s o l u b l e n o n - l i p i d subs tances were 
removed from the l i p i d s by us ing 1/5th volume of the normal s a l i n e . 
Each t e s t tube wa" '•haken v i g o r o u s l y for thorough mixing and 
p l aced a t 'f'-'C i n a r e f i g e r a t o r overn igh t for complete s e p a r a t i o n 
of t he two l a y e r s . The j u n c t i o n of the l a y e r s of each t e s t tube 
was marked and upper l a y e r was d i s c a r d e d . The lower l a y e r was 
c o l l e c t e d i n s toppered t e s t tube and s t o r e d a t 0_1+°C u n t i l f i n a l 
u s e . The te^^t tubes were d r i e d and the volume of the lower l a y e r 
of each t e s t tube was measured. The e x t r a c t was used for the 
e^'t iraation of t o t a l l i p i d s , p h o s p h o l i p i d s , c h o l e s t e r o l , f r ee 
f a t t y ac ids and e s t e r i f i e d f a t t y a c i d s . T o t ^ l i p i d s were c o l o n -
me t r i c a l l y determined by the method of Woodman and P r i ce ( 7 ) . 
Chole '^ terol and phospho l ip ids were e s t i m a t e d according t o the method 
of ELoor .e i_a l . (8) and M a r i n e t t i ( 9 ) , r e s p e c t i v e l y . Free f a t t y 
a c i d s were analysed according to the method of Mosinger (10) eind 
e s t e r i f i e d f a t t y ac id s were e s t i m a t e d by the method of S te rn and 
Shapi ro (11 ) . 
The da t a were analysed us ing S t u d e n t ' s t - t e s t . S i g n i f i c a n t 
d i f f e r e n c e s between means of t r e a t e d and c o n t r o l groups were 
c a l c u l a t e d and p v a l u e s were ob ta ined . 
RESULTS 
L ip id c o n c e n t r a t i o n s i n d i f f e r e n t r eg ions of the female 
r a b b i t b r a i n , hypothalamus, hippocampus, amygdaloid nuc leus , 
mid l ine n u c l e i of thalamus and gyrus c i n g u l i , a f t e r i .m. i n j e c t i o n 
of the s t e r o i d c o n t r a c e p t i v e (P r imovla r ) for 60 and 90 days axe 
p r e s e n t e d m Tables I and I I . The l e v e l of l i p i d f r a c t i o n s of the 
c o n t r o l group a f t e r 60 and 90 days of i n j e c t i o n of p h y s i o l o g i c a l 
s a l i n e remained almost unchanged and hence the c o n t r o l va lues are 
g iven as the mean + s .D. of 60 and 90 days (Tables I and I I ) 
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Following t h e 90-(iay a d m i n i s t r a t i o n of s t e r o i d c o n t r a c e p t i v e , 
s t a t i s t i c a l l y " more s i g n i f i c a n t changes were observed than a f t e r the 
60-day t r e a t m e n t i n a l l the r eg ions of the b r a i n except the amygdaloid 
nuc l eus . In the l a t t e r , more s i g n i f i c a n t changes were d i s c e r n i b l e 
a f t e r 60 days as compared wi th 90 ,days . S i g n i f i c a n t decrement i n t h e ^ 
c o n t e n t Jf t o t a l l i p i d s were n o t u r e a b l e m hippocampus (P / 0 ,05) and 
mid l ine n u c l e i of tha lamus. Pho'-pholipids were s i g n i f i c a n t l y d e p l e t e d 
m the hypothalamus (P / 0 . 0 2 ) . hippocampus and mid l ine n u c l e i of t he 
thalamus (P / 0 .001) fol lowing 60- and 90-day a d m i n i s t r a t i o n of 
s t e r o i d c o n t r a c e p t i v e . But, the c h o l e s t e r o l l e v e l was s i g n i f i c a n t l y 
i n c r e a s e d (P 2_0.05) m the hypothalamus a f t e r 90 days . Free f a t t y 
ac id l e v e l s were s i g n i f i c a n t l y decreased i n hypothalamus and mid l ine 
n u c l e i of thalamus a f t e r 60 and 90 days. Bu t . i n the hippocampus, 
i t was " i g n i f i c a n t l y decreased (P / _0 .001 ) only a f t e r t h e 90-day 
t r e a t m e n t . The e s t ^ r i f i e d f a t t y ac ids were s i g n i f i c a n t l y decreased 
i n the hypothalamus and mid l ine n u c l e i of thalamus (P / 0 .01) a f t e r 
90 days. In gyrus c m g u l i , the s i g n i f i c a n t l y decreased l e v e l s of 
p h o s p h o l i p i d s , c h o l e s t e r o l and e ^ t e n f i e d f a t t y ac id s were observed 
only a f t e r 90 days . 
The amygdaloid nucleus p lays a s i g n i f i c a n t r o l e i n modulat ing 
the h y p o t h a l a m i o - p i t u i t a r y ax i s and c o n t r o l l i n g o v u l a t i o n . In t h i s 
nuc leus , hormones were more e f f e c t i v e a f t e r 60 days and s i g n i f i c a n t l y 
decreased l e v e l s of t o t a l l i p i d s , phospho l ip ids and s i g n i f i c a n t l y 
i nc r ea sed l e v e l s of e s t e r i f i e d f a t t y ac ids were observed i n t h i s 
p e r i o d . I n t e r e s t i n g l y , t h e r e was no s i g n i f i c a n t change i n t he l i p i d 
mo ie t i e s of t h i s nucleus fo l lowing 90 days of s t e r o i d t r e a t m e n t . 
DISCUSSION 
Est rogens and p roges t e rones a re known to accumulate t o a 
s i g n i f i c a n t e x t e n t m the c e n t r a l nervous system and t h e i r c o n c e n t r a -
t i o n v a r i e s wi th l o c a t i o n . Highest c o n c e n t r a t i o n of e s t r o g e n i s i n 
the p i t u i t a r y g land , fol lowed by hypothalamus, the p r e o p t i c a rea , 
septum, the b r a i n stem, cerebe l lum, amygdala, hippocampus, t he 
c e r e b r a l c o r t e x and the o l f a c t o r y bulb ( J ) . On the o t h e r hand, 
p roges t e rone shows maximum c o n c e n t r a t i o n m t h e midbra in , fol lowed 
by hypothalamus, c e r e b r a l co r tex and hippocampus ( 1 2 ) , Hence, t he se 
regions of the c e n t r a l nervous system have been s e l e c t e d for t he 
e v a l u a t i o n of t he e f f e c t s of e s t rogen and p r og es t e ro n e . 
In the p r e s e n t s tudy , t o t a l l i p i d s were found to be decreased 
i n a l l the b r a i n r eg ions fol lowing the a d m i n i s t r a t i o n of the s t e r o i d 
c o n t r a c e p t i v e . To d a t e , no r e p o r t of the e f f e c t of s t e r o i d c o n t r a -
c e p t i v e on the t o t a l l i p i d s of d i s c r e t e areas of the b r a i n i s 
a v a i l a b l e . However, Fewster e t a l . (13) have r e p o r t e d a dec rease i n 
plasma t o t a l l i p i d s i n male r a t s a f t e r a d m i n i s t r a t i o n of e s t r a d i o l 
benzoate . As r ega rds the r e g i o n a l phospho l ip ids c o n c e n t r a t i o n , 
most i n v e s t i g a t o r s have observed an e l e v a t i o n of i t s l e v e l i n Ihe 
4^8 APRIL 1980 VOL. 21 NO 4 
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serum. Only Aftergood and Alfin-SLater (1^-) have reported a consis tent ly 
decreased serum phospholipid level even when they administered doses 
20 times higher than the physiological doses of Enovid E (0.052 mg/day/ 
r a t ) . Our studies seem to fa l l in l ine with th is finding since s ign i f i -
cantly decreased levels of phospholipids, in hypothalamus, hippocampus, 
midline nuclei and gyrus cinguli , have been consistently observed. 
No general agreement among different invest igators seems to exis t 
on the effect of s teroid contraceptives on cholesterol leve l . On the one 
hand, Boyd (15) noted diminution of plasma cholesterol level in male 
ra t s following the administration of a variety of estrogens and Brody 
e t j l . (16) reported depletion of plasma cholesterol in the human female 
a l t e r oral contraceptives. On the other hand, Gehrsberg ^ a l . (17) 
have observed that plasma cholesterol level remained unchang'e3. Addi-
t iona l ly . Aurell e t a l . (18) and Larson-Cohn e t a l . (19) have shown that 
plasma cholesterol level was elevated after the administration of oral 
contraceptives, in general, increase of hypothalamic cholesterol was 
accompanied by depletion of cholesterol levels in hippocampus, amygdaloid 
nucleus, midline nuclei of thalamus and gyrus c ingul i . Some of these 
effects might have been due to the accumulation of estrogen in these brain 
regions and formation of estrogenic metabolites which might not only affect 
cholesterol levels alone but also the other l i p id contents of the brain 
Lower levels of plasma free fa t ty acids in women taking antiovulatory 
drugs were also reported by Larsson-Cohn e t a l . ( I9 ) . The decrement 
in the level of free fa t ty acids in the various regions of the brain 
found in the present study thus supports the ea r l i e r finding. The 
fa l l of the level of free fa t ty acids can be explained in the l i gh t of 
the reported increase in insul in during contraceptive treatment (20). 
This.reduces the concentration of free fat ty acids (21). Furthermore, 
levels of es te r i f i ed fa t ty acids were also found to be decreased in 
hypothalamus, hippocampus, midline nuclei of thalamus and gyrus cinguli 
after i.m. administration of s teroid contraceptive. 
I t i s well known (22) that d i s t inc t regional differences occur 
in the l i p id content and turnover in ce l l types and various pathways 
and centers of the mammalian brain; e .g . , myelinated "white matter" (high in l i p i d ) and unmyelinated "gray matter" (low in l i p i d ) . 
Generally, the changes in the concentration of different brain l i p ids 
were s t a t i s t i c a l l y more signif icant after 90 days of i.m. inject ion 
of the s te ro id contraceptive. This may be explained on the basis of 
presumably greater accianulation of estrogen and progesterone in these 
brain regions after 90 days, as reported by ea r l i e r invest igators (5,12) . But, the amygdaloid nucleus showed maximum depletion of the 
l i p i d level af ter 60 days of the contraceptive administration. This 
exceptional response of amygdaloid nucleus defies convincing explanation. 
Since amygdala i s needed for acute and rapid activation of hypothalamo-
hypophysial axis and i t s stimulation i s known to cause ovulation (23), 
the inhibi tory effect of s teroid contraceptive thereon might have 
resulted in the maximum suppression of i t s ac t iv i ty after 60 days. 
In teres t ingly , the response of gyrus cinguli , which i s fiinctionally 
known to be the antagonist of amygdala, i s jus t the opposite. 
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Changes in the l i p i d content and l i p i d composition must be 
due to changes in ra tes of anabolism, catabolism, or both. These 
processes are controlled by the ac t i v i t i e s of appropriate enzymes. 
Earl ier Hazzard et a l . and Ham and Rose (S^fjaJ) have suggested tha t 
a reduced l ipoprotein l ipase ac t iv i ty may be a factor contributing 
to the increased plasma l i p i d . The poss ib i l i t y tha t the brain 
l i p id s might be mobilized correlates well with the reported 
increase in the level of serum l ip ids ( l8 ,19) . Further studies 
on the ac t iv i ty of l i p id synthesizing and degrading enzymes in 
the various regions of the brain following contraceptive administra-
t ion wil l enable a better understanding of th is complex problem. 
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Effect of yarious doses of lithium on the level of 
biogenic amines in discrete areas of rat brain 
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Dopamine, norepinephrine and 5-HT were estimated in the cerebrum, cerebellum and 
brain stem of albino rats treated with different doses of lithium. The chronic study 
was performed with three graded doses of lithium (1 m eq, 2 m eq and 3 m eq/kg 
body weight), injected intraperitoneally (i» for two weeks to three groups of rats. The 
dose of 3 m eq was found to be most effective. At this dose, lithium decreased the 
level of catecholamines in all the regions of the rat brain. However, the level of 5-HT 
was elevated in the cerebellum. For the acute study, two injections of lithium 
(5 m eq/kg body weight ip) were administered at 4 h interval. The level of 5-HT was 
increased in cerebellum as well as in brain stem, while no change in the level of cate-
cholamines was detected in any of the brain areas. It is suggested that lithium exerts 
its therapeutic effect by altering the levels of excitatory and inhibitory neurotransmitters. 
The beneficial effects of lithium salts 
in the treatment of manic depressive psy-
chosis are well documented*"''. Since the 
pharmacotherapeutic mechanism of action 
of lithium ions is not yet clearly under-
stood, investigations on its possible effect 
on the metabolism of monoamines have 
formed the central theme of psychiatric 
research during the last decadeS-'. 
There are a number of reports in support 
of the view that some disturbance in 
monoamine metabolism occurs in such 
neurological disorders and lithium 
exerts its therapeutic effects by correction 
of these metabolic errors'. It is now 
well recognised that monoamines such as 
norepinephrine (NE), dopamine (DA) 
and 5-Hydroxytryptamine (5-HT) act as 
excitatory neurotransmitters in the central 
nervous system. The steady-state level of 
these monoaminergic neurotransmitters 
determines their availability at their 
receptor sites. The present study was, 
therefore, undertaken to investigate the 
effect of three different doses of Uthium 
on the levels of 5-HT, NE and DA in the 
cerebrum, cerebellum and brain stem of 
the albino rat. 
Material and Methods 
A total of 100 male albino rats weigh-
ing 150-200 g were used for the present 
investigation. They were maintained on a 
pellet diet (Hindustan Lever Ltd., India) 
and had access to water ad libitum. 
Animals received intraperitoneal injections 
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of lithium chloride under the following 
dose schedule^*'. 
Chronic study : Four groups, each com-
prising at least six animals, were used for 
this study. Three groups were injected 
for two weeks, with 1 m eq, 2 m eq and 
3 m eq Li/kg body weight respectively. 
Normal saUne was injected simul-
taneously to the rats of the control group. 
Acute study : Two injections of 5 m 
eq/kg body weight of lithium were given 
at four hourly intervals to a group of six 
albino rats. The animals were sacrificed 
after two hours of the second injection. 
A control group comprising identical 
number of rats was concurrently injected 
with an equal volume of normal saline. 
Procedure : The animals were sacrificed 
by decapitation and their cerebrum, 
cerebellum and brain stem were dissected 
out. Each part was accurately weighed 
and stored at 0°C in a refrigerator. Mono-
amines were extracted from each brain 
tissue by the solvent extraction procedure 
of Welch and Welchll. The fluorescence 
was measured on a Turner Model 430 
Spectrofluorometer (G.K. Turner Asso-
ciation, U.S.A.). 
Fluorometric analysis : The analysis of 
the samples obtained in the extraction 
procedure was made as follows : 
5-Hydroxytryptamine : 5-HT samples 
were mixed with an equal volume of 6N 
HCl (one by one) and their native fluore-
scence was immediately read at 295/535 nm 
using 5 mm slit. After completing the 
•observations these tubes were used as 
blanks for dopamine analysis. 
Norepinephrine : To the samples (0-5 
ml) were added 0-5 ml of 2 M acetate buffer 
(pH 6-8), 01 ml iodine solution, 0-5 ml 
sodium thiosulphate solution and 0-2 ml 
of alkaline ascorbic acid, ethylenedia-
mine reagent in the respective orderly. 
This was mixed thoroughly by shaking. 
The tubes were left at room temperature 
for approximately five minutes after the 
addition of each reagent to allow the com-
pletion of the reaction. The fluores-
cence was developed within 35 min under 
fluorescent desk lamp. The readings were 
taken at 400/510 nm using 3 mm slit. 
Dopamine : To each tube containing 
0-5 ml of the sample were added at 5 
min interval, 0-5 ml 2 M acetate buffer, 
0-1 ml 0-1 jy iodine solution, 0-2 ml (1 : 1) 
alkaline sodium sulphite : EDTA solution 
and 0-25 ml (1 : 1) glacial acetic acid and 
concentrated HCl reagent, to make the 
final volume 1-5 ml^t. The tubes were 
placed on a boiling water bath for about 
45 min and then allowed to cool to room 
temperature. The fluorescence was read 
at 335/380 nm using 2 mm slit. 
Per cent recovery : This was evaluated to 
test the reliability of results. Brains of 
three normal rats were separately homo-
genised in 8 ml 0-01 N HCl and mixed 
thoroughly. One ml of this homogenate 
was taken in 20 clean test tubes. Stand-
ard solutions of NE, DA and 5-HT were 
added in the range of 0-5, 1 and 1-5 ml to 
9 tubes in duplicate. This was followed 
by the addition of 0-1 ml 10 per cent EDTA 
and enough 0-01 N HCl to make the final 
volume. 3-1 ml. The remaining two 
samples were left without adding amine 
standards. Their final volume was made 
to 3-1 ml by adding 0-1 ml 10 per cent 
EDTA and 2 ml 0-01 N HCl. All the 
samples were then extracted and analysed 
by the same procedure indicated above. 
The analysis of inonoamines was done 
in such a manner that the sample in which 
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a particular amine standard solution was 
added was used for the determination of 
that particular amine only. The recover-
ies of 5-HT, ME and DA were obtained by 
subtracting their respective amounts al-
ready present in 1 ml of brain homo-
genate (determined by the analysis of the 
samples where standard amine solutions 
were not added). 
The per cent recoveries were then 
calculated from the formula : Per cent 
100 XY , V . ^ 
recovery = — ^ , where Y stands 
for ihe amount of an amine recovered at 
the end of the procedure and X represents 
the amount of the same amine added to 
the brain homogenate. 
Results 
The findings of the chronic study are 
summarised in Table I. The doses of 2 m 
eq and 3 m eq/kg body weight depleted 
the level of NE in all the three brain 
regions, while with 1 m eq dose of 
lithium the decrement was only confined to 
the brain stem. The DA was observed 
to be significantly lowered in the cerebrum 
and the cerebellum by the doses of 1 m 
eq and 2 m eq/kg body weight. How-
ever, with 3 m eq of lithium the decrease 
was found in all the given areas of the 
brain. Incidently, the level of 5-HT 
was only elevated in the cerebellum in 
response to 2 m eq and 3 m eq lithium, 
while this change could not be detected 
with 1 m eq of lithium. On the other 
hand, in the acute study, the level of 
catecholamines (NE and DA) was not 
significantly altered in any of the regions 
of the brain. However, the level of 5-HT 
•was markedly elevated in cerebellum as 
well as in the brain stem of acutely treated 
rats (Table'll). 
Per cent recovery : The highest recovery 
was obtained for NE, while the recovery 
of DA was the least. The actual per cent 
recovery of'NE was 81, DA 70 and 5-HT 
74. 
Discussion 
The results of the above experiments 
clearly demonstrate regional heterogeneity 
in the changes produced by diflFerent doses 
of lithium chloride. This suggests that 
each brain region functions as a separate 
metabolic compartment. Catecholamines 
(NE and DA) were found to be reduced 
in all the three regions of the brain when 
the rats were chronically treated with 
3 m eq/kg of lithium. With other doses, 
the decrease was confined to one or two 
regions of the brain. This finding is 
supported by the earlier observation that 
lower doses of lithium do not affect the 
synthesis and turnover jof catecholamines 
in the brain'. It is likely that lithium 
reduces the level of the catecholamines 
by inducing an inhibitory effect on the 
enzymes related to the synthesis of 
dopamine. Or else, this cation induces 
degradation of this amine. The former view 
is supported by the finding that lithium 
inhibits the synthesis of dopaminel2. As 
dopamine i? a precursor of NE, the lower-
ing in the Steady-state level of the former 
will itself reduce the formation of the 
latter. On the other hand, no significant 
alteration in the level of catecholamines 
could be detected in any of the brain 
regions when the animals were acutely 
treated with lithium chloride. This may 
be due to the fact that lithium requires 
one to two weeks of daily medication to 
manifest its therapeutic action. 
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Table 11. Changes in the level of monoamines following acute treatment of rats with 
lithium chloride 
Name of 
the 
amine 
Cerebrum 
Control 
values 
Experimental 
values 
Cerebellum 
Control 
values 
Experimental 
values 
Brain stem 
Control 
values 
Experimental 
values 
5-HT 
DA 
NE 
0-723±O016 
0-302±0032 
0-584±:0020 
0-692±0035 
0-287±0013 
0-577±0018 
0-345i:0-049 
0140±0010 
0-334i0020 
0-612*±0035 
0139db0001 
0-319±0006 
0-968±0-857 
0-237±0009 
0-542±0028 
1-230*±0013 
0-241±0021 
O-535±00O8 
All the values are given in [ig/g wet weight of tissue (Mean J^SE). 
•Indicates significant change (P<005) by Student's / test. 
The behaviour of indolealkylamine 
(5-HT) was quite different from catecho-
lamines during the chronic as well as acute 
studies. The level of this amine was 
found to be elevated only in the cerebellum 
of the chronically treated rats. However, 
in acute study, this amine was markedly 
increased in the cerebrum and cerebellum. 
Further studies on the metabolism of these 
amines with the given doses of lithium 
are necessary to elaborate these findings. 
Regarding the psychopharmacological 
action of lithium ions, it can be surmised 
that lithium acts in a biphasic manner. On 
the one hand it relieves hyperexcitation— 
the manic phase of manic depressive psy-
chosis; while, on the other hand, this 
cation is partially helpful in relieving de-
pression. It is likely that lithium exerts 
its therapeutic action by alterations in the 
level of excitatory and inhibitory neuro-
transmitters. It has been found that li-
thium increases the level of GABA 
(gamma-aminobutyric acid) and aspartic 
acid in the cerebrum, cerebellum and 
brain stem, while the level of glycine has 
been reported to be increased only in the 
cerebrum and glutamic acid to decrease in 
the brain stem alone^ .^ Synthesis and 
release of acetylchoUne was found to 
be inhibited by lithium ionsi^.is. it is 
suggested that increase in the level of 
GABA and glycine which are inhibitory 
neurotransmitterslfi together with the 
decrease in the excitatory transmitters 
viz. DA, NE, glutamic acid and acetyl-
choline might reduce hyperexcitability of 
neuronal structures during the excitatory 
phase of manic depressive psychosis. 
Increase in the level of 5-HT and aspartic 
acid (excitatory neurotransmitters) could 
alleviate the depressive phase of this dis-
ease by inducing excitatory effect on cer-
tain sluggish neuronal structures. 
Acknowledgment 
Thanks are due to Indian Council of 
Medical Research, New Delhi for financial 
assistance in the form of a Research 
Fellowship to one of the authors (S.A.K.). 
References 
1. Gershon, S. Lithium in mania. 
Pharmacol Ther 11 (1970) 168. 
Clin 
Cj'i 
494 Lithium on biogenic amines in the rat brain 
11, 
2. Fieve, R.R. Lithium in psychiatry. Int J 10. 
Psychiatr 9 (1971; 375. 
3. Davis, i.M. and Paivn, W.E. Lithium. Amu 
Rev Pharmacol H (1971) 285. 
4. Schou, M. Possible mechanism of action of 
lithium salts. Approaches and perspectives. 
Biochem Soc Transactions 1 (1973) 81. 
5. Schildkraut, J.J., Logue, M.A., and Dodge, 
C.A. The effect of lithium salt on the turnover 
and metabolism of NE in rat brain. Psycho-
pharmacologia 14 (1969) 135. 
6. Bliss, E.L., and Ailion, J. The effect of 
lithium upon brain neuroamines. Brain Res 
24 (1970) 305. 
7. Corrodi, H. and Fuxe, K. The effect of 
lithium on cerebral monoamine neurons. 
Psychopharmacologia 11 (1967) 345. 
8. Corrodi, H., Fuxe, K., and Schou, M. The 
effect of prolonged lithium administration on 
cerebral monoamine neurons in the rat. 
Life Sci 8 (1969) 643. 
9. Schubert, J. Effect of chronic lithium treat-
ment on monoamine metabolism in rat brain. 
Psychopharmacologia 32 (1973) 301. 
12. 
13. 
14. 
15. 
16. 
Krell, R.D. and Goldberg, A.M. Effect of 
acute and chronic administration of lithium 
on steady state levels of mouse brain choline 
and acetylcholine. Biochem Pharmacol 22 
(1973) 3289. 
Annemrie, S. Welch and Bruce, L. Welch. 
Solvent extraction procedure for simulta-
neous determination of norepinephrine dopa-
mine, serotonine and S-hydroxyindblacetic 
acid in a single mouse brain. Anal Bio-
chem 39 (1969) 161. 
Friedman and Gershon, S. Effect of lithium 
on brain dopamine. Nature 243 {1973) 520. 
Khan, S.A. and Hasan, M. Lithium-induced 
changes in the amino acid concentration of 
different brain regions of albino rat. / Anat 
Soc India 26 (1977) 19. 
Bjegovic, M. and Randic, M. Effect of 
lithium ions on release of acetylcholine from 
cerebral cortex. Nature 230 (1971) 587. 
Vizi, E.S., Illes, P. Ronai, A. and Knoll, J. 
The effects of lithium on acetylcholine release 
and synthesis. Neuropharmacol 11 (1972) 521. 
Curtis, D.R. Amino acid transmitters. Proc 
Int Union Physiol Sci 10 (1974) 176. 
Reprint requests: Dr. Mahdi Hasan, Professor, Brain Research Laboratory, Department of Anatomy, 
Jawaharlal Nehru Medical College, Aligarh Muslim University, Aligarh-202001. 
Supplement to Volum$ j igtfM 
THE BRAIN IN HEALTH 
AND DISEASE 
The First Wprld Congress of IBRO 
Lausanne, 31 March-6 April 1982 
ABSTRACTS 
S90 
FIRST WORLD CONGREbS OF IBKO .{LAUSANNE 1982) 
IMMOBILIZATIOM STRESS-INDUCED ULTRASTRUCTURAL AND NEUROCHEMICAL 
ALTERATIONS IN VARIOUS REGIONS OF THE RAT BRAIN 
MAHDI HASAN. D.R. SINGH & V.K. BAJPAI, BRAIN RESEARCH CENTRE & CDRI 
(LUCKNOW), J.N. MEDICAL COLLEGE, A.M.U. ALIOARH. 202001 INDIA 
rorcad imaoblllsatlon of rats for 24 h. caused straas-ulcara in tha 
atonach and algnlfleant altaratlona In tha gyrua clngull, hypothalamua« 
paraballuin and l>raln atam. Tranamlaaion alectron mlcroacopy of naurona 
ravaalad nuclaar Infolding, prolifaration of RER and Golgi atacka. 
Coatad vaaiclaa and microtubulaa wara aignificantly increaaed.Ultra-
atructural Incramant of plaomorphic alactron-denao granulea waa also 
varlflabia by quantitativa fluoraacant pigment analyala. Raiaad lavala 
of peroxidation, ATPaae and lipaae activity along with elevation of 
lipid fractlona indicate atraaa-induced disturbance of lipid metaboliam 
L«vala of cationa, particularly potaaaium ions, were aignificantly 
dacraaaed. Regional heterogeneity in the atraaa-induced changea was 
apparent. 
REPRINTED FROM THE JOURNAL OF THE ANATOMICAL 
SOCIETY OF INDIA, VOL. XVI, NO. 1 APRIL 1 9 6 7 
ELECTRON MICROSCOPIC OBSERVATIONS ON MYELIN DEGENERATION 
IN THE LATERAL GENICULATE BODY OF BLINDED MONKEYS* 
MAHDI HASAN** 
Department of Anatomy, Jawaharlal Nehru Medical College, Aligarh Muslim University, 
Aligarh, India 
& 
P. GLEES AND K . TICHNEK 
Institute for Histologie and Neuroanatomie, der Universitat, 34 Gottingen, West Germany 
REPRINTED FROM THE JOURNAL OF THE ANATOMICAL 
SOCIETY OF INDIA, VOL. XVI, NO. 1. APRIL 1 9 6 7 . 
E L E C T R O N M I C R O S C O P I C OBSERVATIONS ON M Y E L I N D E G E N E R A T I O N 
I N T H E L A T E R A L G E N I C U L A T E BODY O F BLINDED M O N K E Y S * 
M A H D I H A S A N * * 
DepaHment of Anatomy, Jawaharlal Nehru Medical College, Aligarh Muslim University, 
Aligarh, India 
& ' • 
P. GLEES AND K . TISCHNER , 
Institute for Histologie and Meuroanatomie, der Universitat, 34 Gottingsn, West Germany 
Waller (1850) pointed out that the nerve 
fibres of the distal stump of a transected nerve 
degenerate and die, while the fibres of the 
proximal stump survive and are capable of 
regenerative outgrowth. Degeneration of the 
distal part of interrupted nerve fibres has since 
been called Wallerian degeneration. While num-
erous reports on the degeneration in periphe-
ral nerves are available (Cajal 1928, Eng-
strom and Wersall 1958, Vial 1958, Glim-
stedt and Wohlfart 1960, and Hager 1964), 
information about the ultrastructural aspects 
of Wallerian degeneration in the central 
nervous system are still scanty. 
The present description is the first that 
deals with the changes in the fijie structure of 
myelinated optic neive fibres at the different 
stages of degeneration in the lateral geniculate 
body. To observe the later stages of myelin 
decomposition and the mode of ultimate 
disposal the material obtained after 379 to 
443 days of eye-enucleation was available. 
Material and M e t h o d s 
Twelve young monkeys {Macaca nem-
estrina) of either sex weighing 1.5 to 4 kg 
* This study was carried out at the institute for 
Histologic u. Neuroanatomie, Gottingen (West Ger-
many). It was paitially supported by research grant 
Gl. 28/12 from Deutsche Foischungsgemcinschaft. 
** Fellow of German Academic Exchange Ser-
vice—196'3-66. 
were used for this study. The left eye was 
enucleated in six- cases (post-operative sur-
vival period: 6, 11, 40, 50, 64 and 73 days). 
Bilateral eye-enucleation was carried out 
on four animals (p.o.p. after left eye-enucle-
ation 277 days, right eye 6 days; 379 days 
and 38 days; 379 days and 45 days; 443 days 
and t70 days respectively). The lateral geni-
culate bodies of two unopefkte'd monkeys 
were utilised as controls. 
At the end of the given post-operative 
survival period the animals were anaesthe-
tised by intravenous injection of sodium 
pentobarbital (Nembutal, Abbott Labs.) 
25-30 mg. per kg. body weight and then 
perfused with buffered glutaraldehyde sol-
ution (Sabatini, Bensch & Barnnett, 1963). 
Small pieces of the lateral geniculate 
body were post-fixed in Dalton's O s 0 4 , 
dehydrated in graded acetone-water series, 
treated with uranyl acetate and phospho-
tungstic acid and embeded in Vestopal W. 
Ultra thin, sections were made with L K B 
ultratome and examined with Zeiss E M 9 
electron microscope. 
O b s e r v a t i o n s 
In the earlier stages of degeneration 
one sees disruption of the lamellar pattern 
by cleavage of adjacent lamallae, the space 
thus formed being of very low electron 
density (Fig. 1). Occasionally incipient 
fragmentation of myelin lamellae was also 
detectable (Fig. 2). 
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In some fields the axoplasm exhibited 
an inci ease m electron density (Fig 2) Pro-
foundly alteied and even unrecognisable axons 
were also observed In the latet >.tages—40 
days after eye-enucleation and onwards— 
the myelinated fibres often showed a tenden-
cy to lo im elongated myelin vesicles ( t i g -5) 
Occasionally a lateral geniculate neuron was 
found to be encircled by degenerating myelin 
which showed iragmentation and loosening oi 
the lamellae No trace of axoplasm could be 
detected ( l ig 4) 1 here appealed a pronoun-
ced tendency oi the myelin lamellae to curve 
and m the later stages of degeneration ellipsoi-
dal figures demonstrating spiral arrangement 
were o'ten discernible (Fig 5) The frag-
mented myelin lamellae were more o'ten 
notice<u,ble vnthin the den^e neuroglial pro-
cesses m the matena l obtained after 277 
days ol blindness (Fig 4) In later stages a 
laige number ol lipid vacuoles were observed 
m the neighbourhood oi the degenerating 
myelin (Iit,s 6 & 7) In seme, a dark n m 
of varying thickness w^s noticeable (Fig 7) 
Such vacuoles were found in the cytoplasm 
o, miciogluil as well as macroglial cells (Figs 
6, 7 & 8) Ol 'g idendroc-^tes wi th elcction-
den c cytoplc m ?ncl an elongated nucleus 
were o ten ten in I he immediate vicinity 
o^ degenerating myelin (Fig 9) 
D i s c u s s i o n 
I h e pr inc ipd puipo^e of the present 
p i p e r wa'' to de cnbe some o*~ the electron-
Fig 6 Demonstrates the later stages of myelin degeneration Note thj electron-dense microglial nuclei (n), 
intracytoplasmic myelin lnclus^ onS^ (see arrow) and numerous lipid vacuoles'(v). 
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microscopic findings ol Wallerian deg 
tion in the central neivous system and to 
compare them with the known observations 
on other parts of the nervous system. Taking 
advantage of the lact that the lateral geni-
culate body receives affcrents l iom both the 
eyes—ipsilateral optic fibies teiminate in la-
minae 2, 3 and 5 and the contralatei^il fibies 
in 1,4 and 6—(Glees and Claik, 1941)—bi-
lateral eye-enucleations have been performed 
at different time interval so as to study the 
early and late stages ol degeneration in the 
same material. Similarly in cases of unila-
teral eye-enucleation the myelinated fibres 
in the laminae receiving L,ffcrents from the 
unoperated eye seivcd as control. 
The axoplasm showed early changes in 
the form ot an increased electron density. The 
findings are in agreement with the altera-
tions in axoplasm described by Vial (1958). 
Loosening of myelin lamellae and incipient 
fragmentation similar to our findings in the 
early stages of Wallerian degeneration has 
dLo been ob^eived in the sciatic nerve of 
rats 20 hours a l e r transection (Glimstedt 
and Wohlfart, 1960). It is apparent that the 
pattern of myelin degeneiation in the cen-
tral nervous system, particularly m the 
caily stages of Walleuan dc^eueiaticn, 
broadly resembles the correspoading pic ture 
in the peripheral nerves. Tlii^iC appears to be 
a pronounced tendency of the myelin lamell-
ae to curl and to unite. At times the 
curling lamellc'e have been observed to en-
circle nerve cell body completely, a finding 
which, as far as we are t w a ' e , has hitherto 
Fig. 7. Shows a number of lipid vacuoles and degenerating myelin in the dense glial process. 
Note the irregular thickness of the margin of the vacuoles (v) which exhibit pleomorphism. 
The arrow indicates an early stage of central vacuolation of a myelin drop. 
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not been reported in any other pai t of ihe 
nervous system. Transneuronal atiophy 
has unequivocally been described only in the 
lateral geniculate body (Goldby, 1957). 
So far no universally acceptable explanation 
for this unique type ol atrophy—which oc-
curs in the absence of any direct t iauma 
to the neurone concerned—exists (Glees, 
Hasan & Tischncr, 1966). Therefore, the 
present observations merit due considera-
tion. Although it is still premature to as-
cribe a causal relationship to this mechani-
cal isolation ot the lateral geniculate cell-body 
by degenerating myelin lamellae, further 
work in this diiection might provide a clue 
to lhis ill-understood type of cell-atrophy. 
In addition to it, the onion-peel appear-
ance (Fig. 5), depicting the rotation ot mye-
lin sheath into a multi-layered ball-like 
figure, is another illustiation of the same 
phenomenon. 
In the late stages of degeneration the 
myelin fragments have been observed in 
the cvtoplasm of neuroglial cells. Blumke 
and Niedorf (1966) have shown that in the 
peripheral nerves the digestion of myelin 
fragments occurs in the Srhwan cell-cyto-
plasm which also contains fine filaments 
and glycogen deposits. In the same way 
myelin fragments have been reported within 
the Schwan cells by Gl imstedtand Wohlfart 
(1960). The breakdown and digestion of my-
Fig. 8. Shows a hioiis astrocyte with a number oi lipid vaculoes in its cytoplasm. Note the bundles of 
fibrils in the cytoplasm, f = fibrils; n = nucleus of astrocyte; v = lipid vacuoles. 
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elin has been discussed at length by Bunge, 
Bunge & Ris (1960), Barton (1962), Lee 
(1963) and Lampert and Carpenter (1965). 
However, lipid vacuoles within the neuro-
glial cells, observed in late stages, appear 
to be of great interest in the understanding 
of the final disposal of myelin rests. Occur-
rence of such vacuoles in the cytoplasm of 
microglial cells, oligodendrocytes as well 
as the fibrous astrocytes is another signifi-
cant finding. It is possible that all the 
elements of neuroglia participate in the de-
gradation and ultimate decomposition of 
degenerating myelin (Hasan, Glees & Tisch-
ner, 1967). Blumke and Niedorf (1966) 
maintain that the fragments of myelin shea-
ths within the cytoplasm mostly assume 
globular shape, larger myelin lumps subse-
quently disintegrate into numerous small 
features of nearly concentric lamellar struc-
ture. Small masses of residual myelin frag-
ments begin to disintegrate in the centre 
and develop into homogeneous osmiophi-
lic structures. Thus central vacuolation of 
myelm bodies occurs or drop-like myelin 
fragments disintegrate completely. The 
above observation is supported by Hager 
(1964) who has demonstrated that centre! 
vacuolation and a finely granular disintegra-
tion compi ise the common mode of decom-
position of myelin. A noteworthy point in 
his observations was the occunence of dense 
I ig. 9. Shows an oligodendrocyte with dense cytoplasm Note the degenerating myelin in its 
vicinity, m — mitochondrion; my = degenerating myelin; n = nucleus. 
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heaps of ribosomes on one side of vacuo-
lated myelin fragments. He, however, did 
not ascribe any functional reason to this 
finding. We have noted a marked increase 
in the electron density and some thickening 
of a part of the periphery of the myelin vacu-
oles. No definite topographical relationship 
with the ribosomes has been observed in our 
material. It appears that the process of 
myelin degeneration in the central nervous 
system is not so rapid as in the peripheral 
nervous system. Blumke and Niedorf (1966) 
are of the opinion that the fragmentation 
of myelin sheath is completed in one week 
and the climax of intra-cytoplaMiiic myelin 
digestion is reached in the second week 
post-operatively. After 4 weeks they have 
noted very few myelin drops. As opposed 
to these findings we have observed large 
myelin rests in the lateral geniculate body 
even a^ter 379 days of eye-enucleation. 
S u m m a r y 
Electron microscopic cbsei vatic ns on 
the different stages of myelin degeneration 
in the lateial geniculate body of the blind-
ed monkeys have been discussed in this 
communication. In the early stages of 
degeneration the process resemb'es the 
known changes observed after the trans-
ection of peripheral nerves. In the cen-
tral nervous system the neuroglial cells take 
part in the degradation of myelin rests and 
exhibit changes which correspond to the 
marked alterations already described in 
Schwan cells. The degenerating myelin shows 
a marked tendency to curve and to assume 
globular shape, so much so that on occasions, 
the nerve cell bcdy has been found to be 
completely surrounded by degenerating my-
elin lamellae. In view of the still unsolv-
ed problems associated with the transneu-
ronal atrophy this finding may be signifi-
cant. Vacuolation of the myelin fragments 
occurs prior to ultimate disposal of 
degenerated myelin. Lipid vacuoles were 
observed in the cytoplasm of microglial 
as well as the macroglial cells. 
The process of myelin degradation in 
the central nervous system appears to be slow-
er in comparison to the peripheral nerves. 
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ULTRASTRUCTURAL AGE CHANGES IN HIPPOCAMPAL 
NEURONS, SYNAPSES AND NEUROGLIA 
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INTRODUCTION 
COMPARATIVE evaluation of the submicroscopic structure of the hippocampus in young and 
senescent animals should prove rewarding for many reasons. In the rat hippocampus, 
lipofuscin accumulation begins at an earlier age and it accumulates more pigment per section 
volume of the cerebral cortex than the Purkinje cell layer of the cerebellum (Reichel, 
Hollander, Clark and Strehler, 1968). The striking vulnerabihty of the hippocampus to 
such changes as hypoxemia (MacLean, 1963) and its involvement in human presenile and 
senile dementias (Hirano and Zimmermann, 1962) justify thorough investigation. Further-
more, Grunthal (1947) reported the case of a patient who, after a bilateral circumscribed 
lesion in the cornu ammonis, showed marked dementia without emotional response. 
Reporting bilateral destruction of the hippocampus in a case of dementia, Glees and Grif-
fith (1952) concluded that the destruction of the hippocampus in humans leads to loss of 
memory and confusion. The participation of the hippocampus in behavioural responses 
(MacLean, 1958; Ploog, 1964) and its role in memory and learning (Gamper, 1929; Fes-
sard, Gerard and Kunorski, 1961) are now well established. According to Adey (1967), 
the hippocampus is certainly involved in the acquisition and performance of learned 
habits requiring higher order discriminative abilities. Although no parallel report on the 
ultrastructural age-changes in the hippocampus of the rat is known to us, valuable infor-
mation on the morphology of axo-dendritic (Blackstad and Kjaerheim, 1961) and axo-
somatic synapses of the hippocampus (Blackstad and Flood, 1963) and fine structure of 
the mossy fibre endings (Hamlyn, 1962) and pyramidal neurons of the rabbit (Hamlyn, 
1963; Niklowitz and Bak, 1965) is available. Niklowitz and Bak (1965) have distinguished 
five different types of cytoplasmic granules in the pyramidal cells of the rabbit hippocampus. 
The dense bodies classified as Gr. IV and Gr. V by Niklowitz and Bak (1965) resemble 
lipofuscin pigment granules described by Samorajski, Ordy and Keefe (1965) in mice and 
by Hasan and Glees (1972(7) in the rat and Hasan and Glees (19726) in the monkey. It 
would be of particular interest to investigate the lipofuscin pigment in the hippocampus 
of the rat and compare it with the granules reported by Niklowitz and Bak (1965) in the 
rabbit. The reported occurrence of electron dense synaptic endings in the hippocampus 
has been the subject of much study and controversy (Blackstad and Kjaeerheim 1961; 
Hamlyn, 1961; Niklowitz, 1966 and Laatsch and Cowan, 1966). The significance of their 
association with zinc (Fleischauer and Horstmann, 1957; Timm, 1958; Euler, 1962; Otsuka, 
*Fellow of the Alexander von Humboldt Foundation, on sabbatical leave from J. Nehru Medical College, 
Aligarh, India. 
Technical and secretarial assistance of Miss E. Heyder and Mrs. F. Schulmeyer is gratefully acknowledged. 
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Gottingen, Kreuzbergring 36 (Germany). 
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and Kawamoto, 1966; Haug, 1967) is still ill-understood. It is, however, apparent that such 
a biochemical indicator might reveal an effect of aging by changes in its quantity or its 
ultrastructural characteristics and thus prove useful in gerontological research. The present 
report is limited to age-changes in the neuronal profiles, neuropil and glial elements of the 
hippocampus. Quantitative estimation of age-changes will be made in a subsequent pub-
lication 
MATERIAL AND METHOD 
Twenty-four Wistar rats, all males, were used in this study. Twenty of these animals were 
divided into two groups according to age: 4-12 months and 24-40 months of age. They had 
been maintained two in a cage at a constant temperature (about 20°C) and humidity (50-
55 %) and had been fed the standard laboratory food pellets, Altromin- R of Altromin 
GmbH, Lage, Lippe (Germany). Four rats (2 six-months and 2 twenty-six months old) 
were given to us by the Institute* of Experimental Gerontology, Basel. The brains of all 
the rats were fixed by perfusion-fixation with phosphate-buffered glutaraldehyde/parafor-
maldehyde solutions prepared along the lines recommended by Karnovsky (1965). Rats 
were anaesthetised—2 at a time, one young and one old^with intraperitoneal sodium 
pentobarbital and perfused through the heart. The brains were removed 3 hr after perfusion 
and small pieces of the hippocampal gyrus—dissected from the same site in all animals— 
were kept in the same fixative for another 3 hr. The tissue was then rinsed in phosphate 
buffer (pH 7,3) and post-fixed in 1 % Osmium tetroxide for 2-3 hr. After dehydration in 
graded acetone-water series, the material was embedded in vestopal-W. Staining 'en bloc, 
with 0,5 % Uranyl-acetate and 1 % phosphotungstic acid was carried out in 70% acetone. 
The blocks were sectioned with an LKB ultratome. The ultrathin sections were mounted on 
formvar-coated copper grids, stained with lead citrate (Reynolds, 1963) and examined in an 
Zeiss EM 9A electron microscope. The photographs were scored independently by each 
author without prior knowledge of age groups. 
RESULTS 
The hippocampal neurons of the younger group of animals exhibited nuclei containing 
uniformly dispersed chromatin material, well-defined double nuclear membranes and often 
prominent nucleolar profiles (Fig. 1). Infolding of the nuclear membranes was however 
more obvious in the aged animals. The rough-surfaced endoplasmic reticulum, which was 
well developed and arranged in orderly rows in younger groups of animals (Fig. 2), had lost 
its typical orderly lamination in the large perikarya of the aged hippocampal neurons 
leading to a dispersal of endoplasmic tubes (Fig. 3). The location of the Golgi complex, 
which consisted of the Golgi membranes and the Golgi vacuoles was not necessarily at the 
perinuclear region. Significant alterations were not detectable in the Golgi zones of the 
aged animals. Mitochondrial profiles were found to be intimately related to lipofuscin 
granules in the perikarya of senescent neurons. A notable feature of the perikarya of the 
aged hippocampal neurons was, however, the striking accumulation of pleomorphic 'osmio-
philic bodies', identified as lipofuscin granules. The pigment granules varied in morphology 
and electron density. They generally conformed to the classification proposed by Miyagishi, 
*We thank Prof. Dr. F. Verzir, Director of the Institute of Experimental Gerontology, Basel for this 
kind gesture. 
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FIG I Partial view of a hippocampal neuron with nucleus (N) at upper left showing an infolding of nuclcai 
membianes near the nucleolus (Nu) A series of axo-sonialic tonlacts (arrow) are seen Rat aged 4 months 
FIG 2 Well-developed cisternae of endoplasmic reticulum (arrow) in the penharyon ol a 6 month-old rat 
hippocampal neuron pp yg 
tj U U 
FIG. 3. Part of a hippocampal neuron depicting the nucleus (N) and irregularly dispersed endoplasmatic 
reticulum, A vacuolated lipofuscin granule (L) is visible. Ral, aged 36 months. 
I' J i I 
FIG. 4. A view of the neurophil of a 4 month-old rat. Note the longitudinally and transversely cut dendrites 
(D) exhibiting a scries of axo-dendritic synapses. 
iiOi 
Fic, 5 Ntuiopil ol a "56 monlh-old rat hippocampus Nolc Ihc inoieastcl tleclion density of axons and 
ncuiotubulcs and nn-iiolibi ils m iht dcndiitcs 
FIG 6 A view of the axons and dendrites of rat hippocampus, aged "^ e months A laige numbei of dendiites 
and dcndio-dendiitic contacts (anows) aie seen 
FIG. 7. Dense oligodendrocyte showing two nuclear profiles with no indication of a separating membrane 
intervening between them. The tangentially cut nuclear profiles show characteristic nuclear pores. Rat, 
40 months. 
FIG. 8. A microglial cell (Mg) depicting a dense elongated nucleus and electron-lucid vacuoles (V) in the 
perikaryon. On its right is an oligodendrocyte. Rat. aged 40 months. 
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Takahata and lizuka (1967); Hasan and Glees (1972). Lipofuscin granules exhibiting electron , 
lucid areas and limited by single osmiophilic membrane were more commonly discernible 
with increase in age (Fig. 3). 
The axo-somatic contacts were a prominent feature of the material obtained from the 
younger animals. Occasionally 2 or 3 axon terminals were found to be forming a continuous 
series of axo-somatic contacts. In addition to extensive areas of unspecialized contacts 
between the bouton and soma, sites with thickened membranes and a little denser substance 
at the pre- and post-synaptic sides, combined with accumulation of synaptic vesicles are 
frequent (Fig. 1). However, these axo-somatic contacts judging from a large comparative 
series decrease with the increase in age and speciaUzed axo-somatic contacts exhibiting 
characteristics membrane thickening and accumulation of synaptic vesicles are seldom 
observed in the aged. 
NERVE CELL PROCESSES (MORPHOLOGICAL APPEARANCE IN THE 
YOUNGER GROUP OF RATS) 
Mostly unmyelinated axons and dendrites intermingled with astrocytic processes, formed 
the neuropil. The axo-dendritic synapses were the commonest specialized contacts observed 
in this region, although occasional axo-axonal contacts and synaptic glomeruli were 
also detected. Dentrites, sectioned longitudinally, often showed a continuous series of 
axo-denrititic synapses while those cut transversely appear to be surrounded by axon 
terminals (Fig. 4). Neurofilaments and tubules are clearly discernible in the dendritic pro-
files which were identified by the characteristic presence of ribosomes. Mitochondrial 
profiles are present in the terminals. High electron density and dense aggregation of synap-
tic vesicles is a constant feature of the axon terminals (Fig. 4). 
APPEARANCE OF NEURONAL PROCESSES IN THE AGED 
In this material however, a comparatively higher electron-density of axon terminals 
combined with an increase in the neurofilaments and neurotubules of the dendritic profiles 
is stricking although the technical procedures were identical in all age groups (Figs. 5 and 6). 
Series of axo-dendritic synapses, which are so commonly observed in the younger animals, 
are rarely seen in the aged, while dendro-dendritic tight-junctions are more often discernible 
(Fig. 6). 
NEUROGLIAL ALTERATIONS IN THE AGED RATS 
Dense oligodendrocytes are commonly found to be intimately related to neuronal peri-
karya. The irregular, at times horseshoe shaped nucleus of the satellite oligodendrocyte 
show characteristic marginal accumulation of the chromatin. 
The concavity of the horseshoe shaped nucleus is usually occupied by profiles of Golgi 
complex and ribosomes. Occasionally two oligodendrocytes appear to be fused together in 
such a way that it is difficult to distinguish their individual identity. Such profiles have been 
interpreted as 'binucleated oligodendrocytes' (Fig. 7). Electron dense cells containing an 
elongated, often irregular nucleus showing marginal clumping of chromatin and exhibiting 
multiple 'lipid vacuoles' in the perikaryon are occasionally visible in the aged rats (Fig. 8), 
and were classified as microglial cells. 
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DISCUSSION 
Age changes have been defined as 'morphological differences observed between com-
parable elements from young and old animals' (Dempsey, 1959). Care has been taken during 
the course of the present investigation to comply with the substance of this definition. An 
extensive collection of e.m. photographs of the hippocampus obtained from young and 
old rats have been compared independently by each author in coded form not disclosing 
the age group and examined for changes. These changes can aifect a cytological structure 
and the nucleus which is first considered. 
TABLE 1. AGE-CHANGES OF THE NUCLEUS—SALIENT FEATURES OF SOME PREVIOUS REPORTS 
Author Commonly observed changes 
1. Failure of nucleoli to stain with osmium tetroxide 
Hodge (1894) 2. Occurrence of shrunken irregularly shaped nuclei 
3. A loss of the capacity of stained nuclei to darken as a result of fatigue 
1. Diffuse nuclear staining 
Matzdorif (1948) 2. Clumping of the previously finely divided nuclear chromatin 
3. Shrinkage of nucleus and cytoplasm 
1. Shrunken and elongated nuclei 
Kuhlenbeck (1954) 2. Loss of nuclear-cytoplasmic contrast in stained specimens 
3. Nuclear pycnosis and hyperchromatosis 
Buttlar-Brentano (1954) Occurrence of multiple nuclei and nucleoli associated with advanced age 
1. Decreased contrast between nucleus and cytoplasm with advancing 
age 
Andrew (1956) 2. A greater degree of basophilia of the "nuclear sap" in the nucleus 
of the senile nerve cells 
3. Increase in number of lobed and binucleate cells in animals 
of advanced age 
Bondareff (1957) No noticeable alteration of nuclear and nucleolar structure 
Wilcox (1959) No alteration 
Although a variety of nuclear changes have been described in the literature (see Table 1), 
we are inclined to agree with Bondareff (1957); Wilcox (1959); Sulkin (1961) that such 
alterations could not be entirely attributed to aging alone. 
Bondareff (1959) has warned that the effect of preparative artifacts should by no means 
be underestimated. Shrinkage and swelling of the nuclei, clumping of the chromatin or a 
change in the degree of staining of the nucleus could very well be due to the slowness of 
fixation of the nervous tissue by the usual methods that are used. (Bywater and Glees, 
1959; Bywater, Glees and Hauffe, 1962). In this regard the human material is particularly 
suspect. Age changes of a purely qualitative nature, such as change in shape or spatial 
displacement of the nucleus or nucleolus, are extraordinarily difficult to evaluate. Perfusion 
fixation of experimental animals, however, results in markedly fewer alterations in the 
nuclei of the nerve cells. Infoldings of the nuclear membranes have been repeatedly ob-
served in the aged during present investigation. All of them could not be explained on the 
basis of the plane of section alone. Furthermore, Andrew (1964) has recently discussed the 
nuclear invaginations as a criterion of aging in some detail. He considers nuclear invagina-
tion a common phenomenon in cells of the aging organism. 
A survey of the gerontological literature tends to indicate a decrement in the normal 
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amount of Nissl material concomitant with advancing age (Bondareff, 1959). Occurrence 
of scanty or more faintly stained Nissl material in Purkinje cells of mice (Andrew, 1937), 
cerebral cortical cells of old rats (Kuhlenbeck, 1954) and human Purkinje cells (Ellis, 1920) 
has been reported. In antithesis, an increase in Nissl substance also has been associated with 
age (Vogt and Vogt, 1946). Furthermore, no age-associated difference in neuronal baso-
phiha is reported by Bondareff (1957) and Wilcox (1959). Strehler (1962) considers that the 
age-dependent changes in the endoplasmic reticulum are strongly suggested by the decrease 
in amount of Nissl substance in the neurons of older animals and humans. Our findings 
support this contention. Usually, the rough-surfaced endoplasmic reticulum is known to 
exhibit a multi-layered arrangement in the hippocampal neurons (Niklowitz and Bak, 
1965 and Ibata, 1968). Such a well organized pattern is seen in the neurons of the younger 
rats but was found to be singularly lacking in the older animals investigated by us. Since the 
endoplasmic reticulum is involved in metabohc activities, a decrease could, of course, 
depress cellular function, or, conversely be the result of decreased demands in older cells 
(Strehler, 1962). 
Increasing accumulation of intracytoplasmic lipofuscin pigment, and thus less space 
available for other organelles, is known to be the most consistent change correlated with the 
aging of mammals (see review by Hasan and Glees, 1972c). Fluorescent microscopic studies 
of Reichel, Hollander, Clark and Strehler (1968) revealed that the senescent animals had 
significantly higher values than the younger animals in the percentage of section volume 
occupied by lipofuscin granules in the hippocampus. The pigment granules revealed variation 
in size, shape and electron density with the increase in age. The finding of increased number 
of vacuolated pigment granules in the aged rats corresponds with the 'aging' of the pigment 
granules reported in the monkey lateral geniculate neurons (Hasan and Glees, 1972b). 
Earlier light microscopic studies of synapses failed to show significant changes with age 
(Rasmussen, 1959). Bondareff (1964) has drawn attention to the unfortunate fact that synap-
tic studies currently been pursued have not been applied to problems of gerontology. With 
advancing age changes occur in the integration of complex skills and that this may imply 
some changes in the properties of the nervous system. The decreased responsiveness of 
motor pathways which occurs during the senium has been ascribed to alteration in con-
duction velocity. It has been suggested that such decreased response may relate to increased 
synaptic delay (Wayner and Emmers, 1958). Lack of sufiicient ultrastructural information 
on the age-changes of the synapses is an obvious drawback for the comparative evaluation 
of the findings of the present report. Blackstad and Flood (1963) have reported that the 
number of synaptic vesicles is small in boutons at axosomatic synapses of the hippocampus 
of the rat and guinea pig (the ages have not been mentioned). They further noted that the 
axo-somatic synapses appeared rather uniform within each sector of the hippocampus. 
Axo-somatic synapses in the stratum pyramidale of the rabbit hippocampus have been 
described in detail by Hamlyn (1963). Electrophysiological investigations carried out by 
Andersen, Eccles and L0yning (1963) indicate that the axo-somatic synapses of the hippo-
campus are of the recurrent inhibitory type. The comparison of a great number of e.m, 
pictures of both age groups suggests a decrease in the incidence of axo-somatic synapses with 
increase in age. At this stage of our investigation we can offer this tentative conclusion, 
which must be further substanciated when large scale quantifiable techniques in e.m. studies 
are available. The axons of the granular cells of the fascia dentata, which are termed mossy-
fibres, form characteristic synapses with the apical dendrites of pyramidal cells. The mossy-
fibres of the hippocampus have large terminal boutons and contain many synaptic vesicles. 
f^ ' p 
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There is some indication that the sites of termination of mossy-fibres correspond with the 
region where zinc has been located in the hippocampus (Euler, 1961; McLardy, 1962; 
Otsuka and Kawamoto, 1966). In the region where mossy-fibres terminate synapses with 
high electron density are commonly found. The localization of zinc in the hippocampal 
formation has been recently accomplished by Haug (1967) and Ibata and Otsuka (1968) 
by the application of Timm's method for zinc at the ultrastructural level. The presence of 
zinc was demonstrated not only in regular mossy-fibre endings, but in electron dense end-
dings as well. Thus the natural presence of zinc confers a greater contrast of the hippo-
campal nerve endings for electron microscopy. In the light of the above finding, the in-
crease in electron density of the terminals observed by us with increase in age appears 
significant. Could it be due to an alteration of hippocampal zinc content with age? Bio-
chemical studies are needed to correlate the zinc content of the hippocampus with aging. 
Such studies might also throw some light on the functional significance of zinc and the 
ultrastructure related to it. The increase in the number of neurotubules and neurofilaments 
of the dendrites in the aged animals is of particular interest. Nerve cells with excess of 
neurofilaments and tubules have been described by Wisniewski, Coblentz and Terry (1972) 
in Picks' disease. Progressive rearrangement and condensation of neurofibrils is often seen 
in the aged. After the age of 65, sporadic neurons frequently show evidence of neurofibril-
lary degeneration specially in the human hippocampus (Wisniewski, Coblentz and Terry, 
1972). Since the age changes in 40 months old rat could be considered, according to Kuhlen-
beck (1954), equivalent to those of a 100-yr old man, the increase in the neurofilaments and 
neurotubules of the older group of rats is quite reasonable. 
The significance of the investigations on the age changes of synapses and neuroglial 
elements is evident from the following remark of Wilcox (1959), "The neuroglial elements 
and the synaptic relations are certainly suspect". Unfortunately neuroglia has been, so far, 
neglected in the study of age changes. But the importance of neuronal-neuroglial relation-
ship must not be overlooked. The occurrence of satellitosis and neuronophagia has been 
reported as being related to increasing age by Andrew and Cardwell (1940) and Baun (1951), 
or as being inconstant enough to correlate with aging (Kuhlenbeck, 1954 and Brownson, 
1956). Further study of this relationship and, indeed, of the finer structure of the neurogUa 
may be very rewarding (Wilcox, 1959). The occurrence of "tight junction" reported in the 
present study, is of particular significance as a possible metabolic exchange site between 
satellite oligodendrocyte and neuron, in the light of the above mentioned observations. 
The idea of neuron-neuroglial relationship is not new. As early as in 1928, Ramon y Cajal 
originated the concept of a neuron-neuroglial symbiosis in the central nervous system. The 
data collected by Windle (1958) on the high metabolic activity of the oligodendrocyte sug-
gest active function for these cells, either in supportive or adjunctive roles to the nerve cells 
and their fibres. It is possible, therefore, that some of the changes, such as accumulation 
of lipofuscin, may indicate a primary rather than a secondary senile change in them which 
adversely affects nerve cells and their fibres. If they are supportive of the nerve cells, then 
the phenomenon of satellitosis, which has been found to increase with age (our observa-
tions support the findings of Andrew and Cardwell (1940) and Brownson (1955), may be 
an indication of an attempt to booster the failing function of the nerve cell. It has been 
reported that satellitosis may precede nerve cell loss in the senile and thus perhaps failing 
function may elicit it. Andrew and Andrew (1940) have reported that in the cerebral cortex 
of the aged mice small supporting cells gather around and eventually engage in the neurono-
phagia of degenerating or dead neurons. Furthermore, they called particular attention to 
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the nuclear profiles suggesting a process of amitotic division. More recently Andrew (1955, 
1956) has proposed that amitotic division of nuclei may be a means permitting cells to 
increase their chromatin content without a resort to mitotic process. The other possibility 
may be that two oligodendrocytes fuse together to form binuclear or multinuclear cell. 
Further studies are essential to explain the genesis and functional significance of binuclear 
oligodendrocytes in the aging hippocampus. No significant alteration was detected in the 
astrocytes. Astrocytosis or astrogUosis is not known to be a common phenomenon in the 
aged animals. 
The microglia are said to become coarsened with age. Some believe that it is a particular 
form of senile degeneration of their processes which gives rise to the nucleus of the senile 
plaque (Belezky and Jermolenko, 1933). Whether these may indicate functional defects 
and aflFect some activity of the microglia as a satellite to the nerve cell is not known (Wolf, 
1959). Cone (1928), in his work on the functional properties of glia cells, has observed that 
microglia respond later to destructive lesions by forming rod cells and then compound 
granular corpuscles. Vacuoles also appear in their cytoplasm. Creutzfeldt and Metz 
(1926) found that when nerve cells are diseased the hypertrophy and hyperplasia of the 
microglia increases as the disease becomes more severe. The occurrence of numerous 
vacuoles in microglia, observed during the course of the present investigation, is certainly 
suspect. It indicates an alteration which might equally be due to the aging or disease. 
It is difl[icult to draw a line between them in this particular event. The age-changes of neu-
rons, synapses and neuroglia reported here underline the usefulness of hippocampus in the 
study of aging and provoke further research. 
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Summary—Ultrastructural studies of age changes in hippocampal neurons, synapses and 
neuroglial elements of 24 wistar rats (12 'young', ages 4-12 months and 12 'old', ages 24-40 
months) were carried out with the electron microscope after perfusion-fixation. The neurons 
showed increasing accumulation of lipofuscin in the perikaryon, disorganization of the normally 
well-developed laminated pattern of the rough-surfaced endoplasmic reticulum and multiple 
invaginations of the nuclear membranes with the increase in age. Increasing accumulation of 
neurofibrils and neurotubules and higher electron density of the axons was apparent with age. 
A possible significance of the correlation of altered electron density with the zinc content of 
hippocampus has been discussed. Also, the increase with age in the incidence of dendritic 
profiles and dendro-dendritic contacts without intervening glial fibres has been correlated with 
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aging. Axo-somatic synapses are less frequently encountered in the senile rats. The age-changes 
observed in the oligodendrocytes are: (1) increased neuronal satellitosis (2) appearance of 
binucleated forms or fusion of oligodendrocytes. (3) Invagination of the nuclear membranes 
and characteristic marginal condensation of nuclear chromatin. The microglia showed 
numerous "lipid" vacuoles in the perikaryon. Obvious changes in the astrocytes were not 
observed. Attention has been drawn to the significance of further ultrastructural investigations 
related to age changes particularly in the hippocampus. 
R^um^—On a etudie au microscope 61ectronique et apres fixation et perfusion des alterations 
ultrastructurales associ6es k I'age des neurones, synapses et elements nevrogliques de I'hippo-
campe chez 24 rats Wistar, en I'occurrence 12 animaux "jeunes" (4-12 mois) et 12 animaux 
"ages" (24-40 mois). Les neurones ont presente, selon I'age du sujet, une accumulation 
croissante de lipofuscine dans le pericaryon, une desorganisation du pattern lamine et normale-
ment bien d6veloppe du reticulum endoplasmique et des invaginations multiples des membranes 
nucleaires. On a aussi observe, avec I'age, une accumulation plus forte de neurofibrilles et 
de neurotubules et une plus grande density d'electrons des axones. On s'est interroge sur 
la signification possible de la correlation entre I'alteration de la densite d'electrons et la teneur 
en zinc de I'hippocampe. L'augmentation avec I'age de la frequence de profils dendritiques 
et de contacts dendro-dendritiques sans intervention de fibres gliales a aussi ete mise en 
correlation avec I'Sge. On rencontre moins fr^quemment des synapses axo-somatiques chez 
les rats seniles. Les changements associes k I'age et observes sur les oligodendrocytes sont: 
1° une augmentation de la staellitose neuronique, 2° I'apparition de formes binucle^s ou 
une fusion d'oligodendrocytes, 3° I'invagination des membranes nuclearies et une condensation 
marginale caracteristique de chromatine nucleaire. Les microglies ont presente de nombreuses 
vacuoles "lipides" dans le pericaryon. Aucune alteration evidente des astrocytes n'a ete ob-
servee. On attire I'attention sur la signification de recherches ulterieures sur le plan ultra-
structural quant aux alterations associ6es avec le vieillissement, plus particulierement en ce 
qui concerne I'hippocampe. 
Zusammenfassung—Untersuchungen der Altersveranderungen der Ultrastruktur in Neuronen, 
Synapsen und neuroglialen Elementen des Hippocampus wurden mit dem Elektronenmikro-
skop nach Perfusionsfixation bei 24 Wistarraten (12 'jung', 4-12 Monate alt, und 12 'alt', 
24-40 Monate alt). Die Neuronen zeigten zunehmende Akkumulation von Lipofuszin im 
Perikaryon, Desorganisation des normalerweise gutentwickelten laminierten Musters des 
rauhen endoplasmatischen Retikulums, und multiple Invaginationen der Kemmembranen 
mit zunehmendem Alter. Mit dem Alter nahm die Akkumulation von Neuroflbrillen und 
Neurotubuli zu, ebenso die Elektronendichte der Axone. Bin mogliche Bedeutung der Kor-
relation der veranderten Elektronendichte mit dem Zinkgehalt des Hippocampus wurde dis-
kutiert. Die Zunahme mit dem Alter des Auftretens von dendritischen Profilen und dendro-
dendritischer Kontakte ohne vermittelende Gliafasern wurde ebenfalls mit dem Altersprozefi 
korreliert. Axo-somatische Synapsen werden bei senilen Ratten weniger haufig beobachtet. 
Die bei Oligodendrozyten beobachteten Altersveranderungen sind: (1) erhohte neuronale 
Satellitose. (2) Auftreten von zweikernigen Formen oder Fusionen von Oligodendrozyten. 
(3) Invagination der Kemmembranen und charakteristische Randkondensation des Kem-
chromatins. Die Mikroglia zeigte zahlreiche 'Lipid'—vakuolen im Perikaryon. Offensichtliche 
Veranderungen der Astrozyten wurden nicht beobachtet. Die Aufmerksamkeit wurde auf die 
Bedeutung weiterer ultrastruktureller Untersuchungen in Beziehung zu Altersveranderungen 
gelenkt, besonders im Hippocampus. 
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The Cytological Distribution of 'Osmiophilic Bodies' in the Normal 
and Degenerating Lateral Grcniculatc Nucleus of the Monkey 
An Electron-microscopic Study * 
P. GLEES, M. HASAN**, and Iv. TLSCHNBR 
Institut f'iir Histologie und Neuroanatomic der LJiiiversitiit (Jottingen 
(Dircktor: Prof. Dr. P. ()I,KKS) 
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A cytological study of the visual system in the monkey has drawn attention 
to the frequent occurenee of eleetron-dense, osmiophilic bodies in the lateral geni-
culate nucleus. A study of the available literature revealed an inconsistency in the 
terminology employed by the different investigators—obviously because the 
nature, source and functions of such bodies continues to be speculative. 
NiKLOWiTZ and BAK (1965) have described five different types of bodies or 
'vesicles' in the neurons of Ammon's horn and have successfully demonstrated the 
acid phosphatase activity in them—a fact which supports the 'lysosomal nature ' 
of these bodies. The demonstration of acid phosphatase activity and a 'unit ' outer 
membrane form the two universally acce})ted criteria for lysosomes. Without 
entering into the controversial field of the origin and nature of the 'osmiophilic 
bodies,' in this paper we would like to limit ourselves to nu)rphological aspects 
only. Under the general descriptive term the 'o.smiophilic body' we have taken 
into account the pleomorphic eleetron-dense masses, which exhibited topographical 
specialization and were always encountered under our experimental conditions. 
The main purpose of this communication is to describe the distribution of the 
'osmiophilic body,' its possible involvement in the various degenerative conditions 
and its relationship with the mitochondria, glia and blood vessels in the lateral 
geniculate body of the monkey following eye-enueleation. 
Material and Methods 
Sixteen young macaque monkeys, weighing between 1.5 — 3 kg, were used during the 
course of the present investigations. While two of these monkeys were used as 'control animals' 
the left eye was enucleated in 11 cases and the animals were killed after 6, 6, 8, 11, 14, 40, 
49, 50, 61, 64 and 73 days. Both the eyes were enucleated in 3 monkeys which were perfused 
after 8, 9 and 10 months after the operative interference. 
The animals were anaesthetized by intraperitoneal injection of sodium pentobarbital 
(Nembutal, Abbott Laboratories), 25 — 30 mg per kilogramm body weiglit, perfused and fixed 
with buffered Glutaraldehyde (SABATINI el al., 1963). Small pieces of the lateral geni-
culate body were postfixed with Dalton's OS-O4. The specimens were dehydrated in graded ace-
tone water series, treated with phosphotungstic acid and uranyl acetate and embedded in 
Vestopal W. The blocks were sectioned with LKB ultratome, and examined with a Zeiss EM 9 
microscope. 
* This study was supported by a grant from the DFO Gl 28/10. 
** DAAD-Fellow, on leave of absence from Medical College Aligarh (India). 
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Observations 
Osmiopliilic bodies, varying in hizo from 0.25—0.75 [x (measured as the maxi-
mum diameter) were observed m nerve eeils both in the blind as well at. in the 
normal monkeys (Fig 1) 
Sueh electron-dense bodies were consistently found to be present in all the 
lateral geniculate neurones Whereas in the material obtained from the normal 
'controls' the osmiophilic bodies wore irregularly distributed in the neuronal cyto-
plasm, a different topography was noticed in the monkeys rendered blind. 
V\li \ Disti ihutioii of tlu o.-]nio|)lnli( Ixulii s in tin m u i o n i l (\ t o p h s i n 
nh o s l u l o p h l l K l l ( l (h 
)")() III iiutot luni(h ion )/ n iuUus 
a) discrete, round oi osoid bodies of varying electron density lying within 
the mitochondria (Fig 2). 
b) aggregates of round to ovoid bodies in the neighbourhood of the blood 
vessels (Fig. 3) 
c) as irregular masses of osmiophilic substance in some of the glia-cells (Fig.4). 
Discussion 
Our observations indicate that on the basis of topography one may discriminate 
different varieties of 'osmiophilic bodies' in the lateral geniculate nucleus following 
eye-enucleation. We are aware of the fact tha t a very cautious approach in the 
interpretation of electronmicrographs is required in view of the frequent occurence 
of so-called fixationartifacts. That the 'osmiophilic bodies' or 'dense-bodies' 
show no apparent change in fretiuency under the different procedures of fixation, 
has been clearly demonstrated by KAELSSON and SCHULTZ (1966). In recent years 
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lm~ An ()\oi(l OMiiiopHilic bods within tlu initoi l iondiion in i nLUiolu 
ui i iului hdiidiloii 
' 0 0 0 (I c i idipl isiiuo K t i c u l u m , 
ri number of reporth on the occurence of the 'osmiophilic or electron-dense bodies' 
in the different parts of the nervous system, under various pathological conditions, 
have been made in the literature A random collection in a tabulated form given 
below, illustrates the 'multi-disciphnary' signihcance of this problem 
Table 1 
S|)t (n 1 \ |)( I iliK nl il 1(1 lini(|iu 01 i' ilhnlo^K il ( ondi t ion Autliois 
Spmal Cord 
Dorsal root ganglion 
Cerebellum 
Cerebrum 
Temporo parietal lobt. 
Cerebral ooitex 
Central nervous system 
Ijateral geniculate body 
mice Tetanus to \ in PBK E and \ I S U L (1961) 
lats sciatic nerve crush MACKLY et al (1964) 
human t iuunistr ibed saicoina RAMSI Y and KLKNOIIAN (1964) 
human juvenile lipoidosis GONATAS et aJ (1964) 
human ganglioneuroma 
human Tay-Saehs disease 
rats pcrchlorpera/ine 
monkey eye-enucleation 
ROBERTSON el al. (1964) 
WALLACE et al (1964) 
RoiZLN (1964) 
C L E F S et al (1966) 
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The precise natuie of the osmio 
philic bodieb remains obbcure as can 
be well understood from the various 
opmions expressed by the different 
mvestigators (Table 2) 
I t appears reasonable to infer that 
more than one mechanism is involved 
in the manifestation of the osmio 
philu bodies and the possibility that 
various types of such bodies exist 
cannot be ruled out Since these 
morphological studies do not permit 
the expression of any opinion on the 
possible source or nature of the 
electron dense bodies we would like 
ij- i II will I I (ipillirj with two dlflcK lit 
1 ( Mil piiilu I ")lu^ I irgo inonibrme bound 
III (//) with iens( indusDii (shown b\ m 
w) n l ugrPKitis I sni ill ronnd dense 
1 4)000 I endothdiil niuleiis lb lui? 
I l i 6 sill i l l ( kn 1 li 
1 ible 2 
(lliiiu )lis E\piessed AssKiitiiig Similai Osiniophllio JSodies with 
rxpcrimcntil 11 ehmniie in 1 
Tn\ stigitois 
Sa 
a s 
SS 
: s c^a 
Chromatolysis — 
(MACKBY et al, 1964) 
Tetanus Toxin -|-
(ZAOKS and SHIIFF, 1964) 
Vitamine E deficiency + 
{LAMPBRT et al, 1964) 
Circumscribed Sarcoma Cere + 
bellum (RAMSI Y and 
KEKKOHAN, 1964) 
Juvenile Lipoidosis — 
(GoNATAS et al , 1964) 
Ganglioneuronii — 
(RoBiRTSON et al, 1964) 
Tay Sachs Disease — 
(WALLACii et al, 19()4) 
Perchlorazine Effects in CNS | 
(RoiziN, 1964) 
+ 
+ 
+ 
+ 
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to discuss systematically only the pattern of distribution and relationship with 
the mitochondria, glia and blood vessels, refering mainly to experimental 
material. 
1. Intraneuronal Osmiophilic Bodies 
The fact tha t such bodies were present both in the normal as well as blind 
animals and were not found to show any statistically significant variations in the 
Fig. 4. Two neuroglial cells in apposition, one of tliem shows osmiophilic masses of irregular shape and varying 
size in its cytoplasm, x 24,500. ng nucleus of glia cell; ob osmiophilic hody 
operated animals, rules out any direct relationship with the transneuronal atrophy 
in the monkeys. Moreover, similar structures have been recently described as the 
normal component of the pyramidal cells of Ammon's horn of the rabbit by 
NiKLowiTZ and BAK (1965). The hazy outline and the frequent absence of a limiting 
membrane characterised most of the osmiophilic bodies observed by us, a feature 
resembling the type one (GoVi) of NIKLOWITZ and BAK (1965). The other important 
feature was the homogenous matrix with a few 'bodies' demonstrating darker 
«1 -' 
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particles or internal structure. No particular relationship to the Golgi apparatus 
or endoplasmic reticulum could be established. The osmiophilie bodies were, how-
ever, found to be mingled with the mitochondria and at places resembled them in 
outline. 
2. Inlramitochondrial Osmiophilie Bodies 
Such bodies were often observed during the later stages of degeneration—inci-
dently all of them were noticed in the material obtained from the monkeys ren-
dered completely blind. The mitochondria appeared well-fixed, exhibiting clearly 
defined membranes and cristae mitochondriales. Usually spherical in shape, the 
osmiophilie bodies exhibited variation in electron-density. Whether intramito-
chondrial bodies are the precursors of the intracytoplasmio osmiophilie bodies, is 
difficult to state as no continuity or any intermediate stages between them could be 
found, in this regard we agree with M-4CKEY et al. (1964). Moreover their shape and 
electron-density also differed considerably. Since intramitochondrial osmiophilie 
bodies were also demonstrated byZACKS and S H E F F (1964) after te tanus intoxi-
cation, it might be inferred that such cases demonstrate stages of altered metab-
olism. 
3. Osmiophilie Bodies in the Neighbourhood of the Capillary Endothelium 
The complexity of the later stages of degeneration is evident from the accumu-
lation of osmiophilie bodies in the wall of the capillaries. The small rounded and 
denser bodies resemble sections of the collagen fibres seen in the wall of the capil-
laries during degeneration. The large 'ovoid membrane bound bodies' are, how-
ever, difficult to account for. 
4. Osmiophilie Bodies in the Glia 
Irregular clumps of osmiophilie material have been observed in the glia cells 
during the later stages of degeneration. Such bodies most likely represent phago-
cytosed debris. 
Summary 
As a result of an electron-microscopio study of the distribution of 'osmiophilie 
bodies' in the lateral geniculate nucleus obtained from sixteen young monkeys the 
following conclusions are drawn. 
1. There are morphologically different types of osmiophilie bodies found in the 
lateral geniculate nucleus of the monkeys. 
2. The term 'osmiophilie body' seems to be inadequate and confusing in the 
midst of numerous light and electron-microscopical studies and it is suggested that 
it may be replaced by a more specific expression—applicable to only electron-
microscopy i.e. 'electrondense' bodies. In such eases it is essential to denote the 
topographical relations, if the exact source or chemical nature is uncertain. 
3. The possible relationship with the mitochondria has been discussed. 
4. As osmiophilie bodies within the mitochondria, in the immediate neighbour-
hood of the blood vessels, and in some of the glia cells have been observed only in 
the material obtained from the operated animals and not in the normal 'controls,' 
a causal association with the pathological alteration is suggested. 
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Zusammenfassung 
Als Ergobnis eincr elektronenmikroskopischen Studie iiber die Verteilung der 
„osmiophilen Korperohcn" im Corpus genJculatum latcralc (Cgl) von 16 jungen 
Affcn wurden folgende Schliisse gezogen: 
1. Im Cg] der Affen finden sich verschiedene Arten osmioplxiler Korperchen. 
2. Die Bczeichnung ,,osmiophile Korperchen" scheint angcsichts zahlreicher 
licht- und elektronenoptischer Untersuchungen unpassend und verwirrend nnd 
solltc durch einen praziseren, auf die Elektronenmikroskopie anwendbaren Aus-
druck, z.B. ,,elektronendiohte" Korperchen ersetzt werden. Es ist wesentlich, die 
topographischen Beziehungen zu bezeichnen, wenn die genaue Herkunft oder 
chemische Natur ungewiB ist. 
3. Die mogliche Beziehung zu den Mitochondrien wird diskutiert. 
4. Da osmiophile Korperchen innerhalb der Mitochondrien in der unmittelbaren 
Nachbarschaft von BlutgefaBen und in einzelnen Ghazellen nur im Untersuchungs-
materia] von operierfcon Tiercn und nicht in normalen Kontrollen angetroifen wer-
den, wird eine Kausalbeziehung mit der pathologischen Veranderung vermutet. 
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E L E C T R O N M I C R O S C O P I C S T U D Y O F M I C R O G L I A L A N D 
VASCULAR C H A N G E S IN T H E L A T E R A L G E N I C U L A T E 
BODY OF B L I N D E D M O N K E Y S * 
By 
Mahdi Hasan** 
& 
Paul Glees 
AcconUng to Adams( 958), "Astrogliosis and microgllosis form the two corner-
stones of the whole edifice of neuropathology, the other two being the vascular reactions 
which are not altogether separable from the glial reactions and the specific nerve cell 
changes". Hitherto, the inform;uion .m the ultrastructural changes in .neuroglia and 
blood vessels following Wallerian degeneration in the lateral geniculate body appears 
to be scanty in the available literature. 
In this communication the fine-structural changes in microglial cells and blood 
ve^eh are being discussed emphasizing the existing gaps in our knowledge in the hope 
that they will invite further research. 
MATERIAL AJ^D METHOD 
Twelve young monkeys (macaca nemestrina) of either sex weighing 1.5 to 4 kg 
were used for this study. The left eye was enucleated in six cases (post-operative survi-
val period : 6, 11, 40, 59, 64 and 73 days). Bilateral eye-enucleation was carried out 
on four animals (p. op. after L E. enucleation 277 days, R. E. 6 days; 379 days and 
3H days : 379 days aud 45 days ; 443 days and 70 days respsctively). No operation 
was performed on two monkeys whose lateral geniculate bodies were utilised as 
"normal control". 
At the end of the given p>ost-operative survival period, the animals were anaesthe-
tissd by intravenous injection of sod'um pentobarbital (Nembutal , Abbot Laboratories) 
25-30 mg per kg body weight and then perfused with buff"ered glutaraldehyde solution 
* his communication formed part of a papfr presenfd at the 5th Annual Conference of the 
ndian Academy of Vledical Sciences (Bombay - 3rd Dec. 1967). 
•*I am indebted to the <«erman Academy Exchange Service for award of a Fellowship in 1965-
66 and also to the Director, Institute for Histology and Neuroanatomy, Gottingen (Germany) for supp-
orting this work. 
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(Sabatini et al 1963). Small pieces of the latera,! geniculate body were post-fixed in 
Dulton's Os 4°, dehydrated in graded acetone-water series, treated with uranylacetate 
and phosphotungstic acid and embedded in Vestopal W. Ultrathin sections were made 
with LKB ultratome and examined with a Zeiss E M 9 electron microscape. 
OBSERVATION : 
Besides exhibiting axonal degeneration ( Hasan et. al 1967 ), changes in 
astrocytes and oligodendrocytes, the experimental material also showed cytological 
alterations in the microglia and blood vessels. 
MICROGLIA : 
A general survey of the sections obtained from the lateral geniculate bodies 
of blinded monkeys revealed an apparent increase in the number of microglial 
cells. 
Degenerating mylein was detected in the immediate vicinity of the nuclei of 
microglial cells. Membranous lamellae, probably derived from the degenerating 
myelin, were found to be radiating out haphazardly in the cytoplasm. A number of 
" e m p t y " vacuoles limited by a single osmiophilic membrane of varying thickness have 
also been observed (Fig 1). 
LIPID PHAGOCTTES : 
The lipid phagocytes appeared to increase with the duration of post-operative 
survival period. In the long-standing degeneration numerous cells with small dark 
irregular nuclei were discernible in the midst of degenerating myelinated fibres 
(Fig. 2) . In the electron dense cytoplasm, the endoplasmic reticulum, mitochondria 
and Golgi apparatus could not be visualised clearly. ' A large number of vacuolar 
profiles of varying size and shape formed the bulk of the perikaryon. 
ROD-SHAPED GLIAL CELLS {Stabchenzellen) : 
Elongated rod-shaped glial cells were encountered more commonly in the later 
stages of degeneration in the lateral ge liculate body of blinded monkeys. T h e large 
and irregular rod-like nucleus showed dense aggregates of chromatin near the margin 
and only a narrow, dense perinuclear cytoplasmic rim could be detected. Occasionally 
degenerating myelin was foimd within the cytoplasm or appeared as partially indenting 
the nucleus (Fig. 3). 
(H 
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BLOOD VESSELS 
The lateral geniculate body has been found to be well-supplied with blood 
vessels of varying caliber. Surrounded by a well-defined basal membrane, the 
capillary wall showed the endothelial cytoplasm containing a number of mitochondrial 
profiles and an elongated endothelial nucleus (Fig. 4). 
In the cases of long-standing degeneration some blood vessels showed 
proliferation of the intima with irregular extensions into the lumen (Fig. 5). The 
basement membrane was considerably thickened and outer and inner darker laminae 
could be distinguished, Irregular extensions and duplications of the basal membrane 
were noticeable. OccasionaJly a number of empty vacuoles were detectable in the 
endothelial cytoplasm together with pleiomorphic mitochondria. In cases of long-
standing blindness a large number of elongated profiles marked across by periodic 
dense lines were visible in the wall of some capillaries (Fig. 6). A number of empty 
vacuoles were seen in the endothelial layer. The whole picture revealed a high degree 
of disruption and disorganisation. 
DISCUSSION 
It is of interest to note that eye-enucleation has led to microglial and vascular 
changes in the lateral geniculate body—a location far removed from the actual site of 
the traumatic lesion. This observation finds support in the autoradiographic study 
done by Altman (1962). He demonstrated that the proliferation of glial cells is not 
restricted to the traumatized regions but may also be observed along pathways which 
issue from such regions. With lesions of the lateral geniculate body, up-take of 
thymidine by glial cells could be seen in several parts of the visual system where 
Wallerian degeneration was expected to occur. 
A large number of lipid phagocytes have been observed in the later stages of 
degeneration. The microglial cells, however are usually predominent after two 
hundred days of eye-enucieation and are commonly associated with large osmiophilic 
areas of degenerating myelin. Myelin digestion takes place by the formation of lipid 
vacuoles which appear to contain neutral fat inclusions, the fatty component being 
dissolved during the processing of the material thus giving rise to the 'empty 
vacvioles'. 
The appearance of cells showing a wealth of membranous profiles in the 
cytoplasm is difficult to explain. The membranes were often found to enclose m^eb'n 
debris and were seen radiating away from the perinuclear region. Occasionally a 
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duplication of the membranes was apparent but no transitional stages between the 
endoplasmic reticulum and such "membranous Profiles" could be seen. Moreover, no 
ribosomes were found attached to the membranes. These points were especially 
verified in view of the observation of a network of parallel cisternae of endoplasmic 
reticulum in the plasma cells (Gonatas 1966). It appears reasonable to associate such 
profiles with the degenerating myelin lamellae. 
BLOOD VESSELS : 
The walls of the blood vessels were well preserved. Endothelial proliferation 
and formation of microvilli have also been described in the case of x-irradiated rat 
brain (Roizin et al 1962). The basal membrane has been found to be thickened and 
at places duplicated. The appearance of numerous small vesicles-in some cases 
irregular spaces—in the wall of the capillaries together with the observation of collagen 
bundles is significant; as the eye-enucleation was the only operation performed on the 
otherwise healthy monkeys. 
Here, it might not be too speculative to associate the vascular changes with 
myeline degeneration which is such a significant feature of the lateral geniculate 
ultrastructure in this instance. Moreover, reactive astrocytes have also been found in 
the immediate vicinity of the capillaries. Some cells showing large irregular to 
lobulated nuclei and completely sutrounded by basal membranes have also been 
observed. 
These observations support the inier-dependence of l)lood vessels and neuroglia 
in the central nervous system where changes in one are reflected as alterations in 
the other. 
SUMMARY: 
Ultrastructural changes in the microglial cells and blood vessels of the lateral 
geniculate body of monkeys after 6 to 433 diys of blindness have been inve-iigated 
Normal material was available for comparision Microglial cells have been found to 
be actively associated with myelin degeneration. Some peculiar cells with abundant 
membranous lamellae have been observed besides the rod-shaped cells (Stabchenzellen) 
and lipid phagocytes. 
Int imal proliferation, formation of microvilli and excessive collagen deposition 
in the walls of the blood vessels were the other notable features. 
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The signs of synaptic degeneration—a critical appraisal^ 
P. GLEES and M. HASAN^ 
Much of our present-day knowledge of nervous interconnections is based upon the 
information obtained through the Marchi method and silver impregnation techniques 
of BlELSCHOWSKY, GLEBS and NAXJTA (see review by BOWSHER et al. [I960]). Arte-
facts and the inability to demonstrate the non-myelinated terminals are the two 
obvious draw-backs of the Marchi method. Although the silver impregnation tech-
niques of GLEES and NAUTA have to a great extent overcome these shortcomings, 
lack of unanimity as to which part of the axon is so impregnated, has led to some un-
certainty on the absolute reliability of the topographical details. According to GBAY 
[1964], silver impregnates the neurofibrillar ring in the terminals and the plasma 
membrane itself is not visualised. For demonstrating the changes in the plasma mem-
brane, synaptic vesicles and mitochondria, electron-microscopy is the only method at 
hand, which moreover adds to the topographical precision at cellular level. The in-
terests of the physiologist and the pharmacologist are therefore more advantageously 
served. A combined silver impregnation and electron microscopical study leads to 
overall comprehension of the changes both quantitatively and qualitatively. 
Electron-microscopy has opened up a new field for microanatomy and filled to 
some extent the wide gap between the limits of light microscopy and the level of 
molecular structure. However, the reliability of the details so revealed has frequently 
been challenged. Minor technical lapses in the fixation, dehydration and embedding 
escaped the resolution of the optical microscope, but show up to minimize much of the 
advantages gained by the superior magnification. 
KARLSSON and SCHULTZ [1966] have demonstrated that a delay in perfusion causes 
structural changes which may be misinterpreted as pathological. Fixation-artefacts 
and certain pathological changes seem to overlap to such an extent that a given 
electron micrograph may be interpreted as exhibiting evidence of degeneration by 
one group of investigators, while the others maintain that changes classified as patho-
logical may be artefacts. Mitochondrial swelling, shrinkage of boutons, retractions of 
synaptic membrane and the clumping and disappearance of synaptic vesicles have all 
been classified under "fixation artefacts" or "signs of degeneration" by the different 
investigators. This conflict in the interpretation of experimental material is apparent 
in the diff'erent views expressed on the criteria of synaptic degeneration (table I). 
1 This study was supported by DFG grant GL 28/10. 
^ DAAD fellow, on leave of absence from medical college, Aligarh (India). 
We would like to thank Miss M E N D E for her technical assistance. 
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The same state of uncertainty prevails in the field of 'normal ultrastructure' as 
well. The 'spine apparatus' , so lucidly described in the standard works of electron-
microscopy (GRAV [1964]) has recently been claimed to be an 'artefact' (SCHULTZ 
and KARLSSON [1966]). The study of synaptic degeneration in the lateral geniculate 
nucleus following long-standing bilateral eye enucleation presents not only tech-
nical difficulties in the processing of the fragile material, but requires great care in in-
terpretation of the results. In order to foster experimental research in the fringe area 
of electron microscopy and to save the results from being overlooked as 'artefacts', a 
predetermination of a 'normal' baseline seems to be of utmost importance. 
Materials and methods 
Ten young, app ently healthy monkeys (Macaca riemestrino) weighing 1.5 to 3.5 kg 
were used for this tudy. The left eye was enucleated in 4 monkeys and bilateral enu-
cleation was don in another 4. No operation was performed in 2 cases which served 
as 'normal control'. After a post-operative survival period of 6 to 451 days the ani-
mals were perfused with buffered glutaraldehyde (SABATINI et al. [1963]). The lateral 
geniculate bodies were dissected out, post-fixed in Dalton's OSO4 and further treated 
with uranyl acetate and phosphotungstic acid. The material was embedded in Vesto-
pal W. Sections were cut on an LKB ultratome and examined with a ZeiB EM 9 elec-
tron microscope. 
Observations 
Size ofth terminals 
V a r i a b i l i t y i n t h e s ize of t h e t e r m i n a l s w a s a p p a r e n t d u r i n g t h e 
d i f f e ren t p h a s e s of d e g e n e r a t i o n . W h i l e l a r g e s y n a p t i c e n d i n g s w e r e 
p r e p o n d e r a n t i n t h e e a r l i e r s t a g e s , t h e s h r u n k e n o n e s w e r e m o r e a p -
p a r e n t i n l o n g - s t a n d i n g d e g e n e r a t i o n (fig. 1) . 
Synaptic vesicles 
T h e s y n a p t i c v e s i c l e s e x h i b i t e d q u a l i t a t i v e a s w e l l as q u a n t i t a t i v e 
c h a n g e s . I n s o m e b o u t o n s t h e y w e r e c l u m p e d t o g e t h e r a n d a p p e a r e d 
d a r k e r i n e l e c t r o n d e n s i t y (fig. 2 ) . I n o t h e r s t h e s y n a p t i c v e s i c l e s w e r e 
r e d u c e d i n n u m b e r a n d s c a t t e r e d i r r e g u l a r l y , l e a v i n g e m p t y s p a c e s 
( f ig .3) . D a r k c e n t r e d o r t h e s o - c a l l e d " b u l l ' s - e y e " v e s i c l e s w e r e n o -
t i c e d i n a f e w t e r m i n a l s ( f ig .4) . 
Fig. 1. Terminal endings in the lateral geniculate body of the monkey as described 
in the text. Arrow points out a synaptic contact. Electron micrograph, m = mito-
chondrion, n = nerve cell, t = terminal. 
Fig. 2. A synaptic contact in the lateral geniculate body of the monkey (see arrow). 
Note the clumped and darkened synaptic vesicles. Electron micrograph, m = mito-
chondrion, V = synaptic vesicle. 
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i*'ig J (See the legend on page ISl ) 
Fig 2 (See the legend on page 154 ) 
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Although characterist ic fibrillisation has been observed after 6 days 
of eye enucleation ( G L E E S ef al. [1966]), no neurofibrillar hyper-
t rophy was noticeable in the la ter stages of degenerat ion. 
Mitochondria 
Pleomorphism and bizarre a r r angemen t of the cristae mitochon-
driale was observed in the degenerat ing terminals . Some of the mito-
chondria showed apparen t lysis in the late stages of degenerat ion, 
while t he number of mi tochondr ia was, on the whole, decreased as 
compared to the 'normal control ' mater ia l . 
Fig. 3. Degenerating terminals in the lateral geniculate body (see the text for details). 
An axo-dendritic synaptic contact is shown by an arrow. Electron micrograph, d = 
dendrite, g = glial nucleus, t = terminal. 
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Fig. 4. An axo-somatic synaptic contact in the lateral geniculate body. JNote the 
"bull's-eye" synaptic vesicles (shown by arrows). Electron micrograph, m = mito-
chondria, n = nerve cell soma, v — synaptic vesicle. 
On the post-synaplic feidc, a characteristic increase in the number 
of mitochondria, plcomorphism (fig. 5) and in some cases mitochon-
drial hypertrophy with a typical arrangement of the cristae was 
noticed (fig. 6). These trans-neuronal changes are significant in view 
of the trans-neuronal atrophy which is a characteristic feature of the 
lateral geniculate nucleus. 
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J'%. 5. (See the legend on page 160.) 
Fig, 6. (See the legend on page 150.) 
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fig 7 (See the legend on page 160 ) 
Fig 8 (See the legend on page 160 ) 
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Indentations of the boutons 
In long-standing blindness inden ta t ions of t h e cont inuous bou-
tons with lysis of t h e synapt ic membranes and increased electron 
densi ty was noted (fig. 7). 
Glial processes 
Glial processes appeared to envelope degenerat ing te rminals and 
increased fibrillisation was seen in mos t of the cases (fig. 8). 
Discussion 
1. Size of degenerating terminals or boutons 
While W A L B E R G [1965], BLACICSTAD et al. [1965] and A N D E R S E N et 
al. [1966] consider t h e shrinkage of t h e terminals as a sign of de-
generation, DE ROBERTIS [1956], CoLONNIER and GUILLERY [1964] 
and G L E E S et al. [1966] regard the progressive enlargement as evi-
dence of te rminal degenerat ion. Tak ing aside the difference in t h e 
technique and processing of t h e mater ia l , t h e impor tance of the 
topographical differences in the CNS should not be overlooked. 
FiLLENZ and G L E E S [1959] have shown t h a t t he optic t e rmina l de-
generation in the superior coUiculus does not manifest itself in t h e 
form of large swellings of the terminals as in the la teral geniculate 
body , a l though the afferents in b o t h these cases are t h e same, i.e. 
from the re t ina . Moreover, t he post -operat ive survival period mus t 
also be considered. There is certainly a swelling of t h e te rminals soon 
after operat ive interference, as can already be seen in l ight microscopy 
( G L E E S [1961]), and la ter on it is followed b y a shrinkage which m a y 
be affected by glial proliferation or o therfac tors .The confl ict ingreports 
of different workers m a y still be correct in spite of the evident diver-
gence, since the survival periods and t h e areas of invest igat ion differ. 
Fig. 5. Shows the changes on the post-synaptic side as described in the text. Electron 
micrograph, m = mitochondrion, t = terraiinal ending. 
Fig. 6. Electron micrograph showing an enlarged mitochondrion in the lateral geni-
culate dendrite. Note the arrangement of cristae mitochondriale. The arrow points 
out the synaptic contact, m = mitochondrion, v = synaptic vesicles. 
Fig. 7. Degenerating synaptic terminals in the lateral geniculate body. Arrows point 
out the synaptic contacts. On the left side note the indentation of the axon terminal, 
t = terminal. 
Fig. 8. Terminal degeneration in the lateral geniculate body of the monkey. The glial 
lamellae have been shown by arrows, t = terminals. Electron micrograph. 
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2. Synaptic vesicles 
Diminution in the number of the synaptic vesicles has been re-
garded as pathognomonic for terminal degeneration by most of the 
investigators (fig.9 and table I). MCMAHAN [1965], who could not 
detect any appreciable alteration in his earlier studies, now agrees 
that the vesicles are reduced in degeneration (MCMAHAN [1966]). Our 
findings indicate both quantitative and qualitative changes, at 
least in the later stages of degeneration. Two different types of 
changes are apparent. In some, the vesicles show marked reduction in 
number, and diminution in electron density is observed, the terminal 
shows empty spaces. In others, the vesicles are clumped together, the 
electron-density is markedly increased and the terminal appears dark 
and granulated. Recently, SMITH et al. [1966] have also reported two 
distinct types of degenerative changes in the cerebellum which lend 
support to our observations. In some vesicles a "dark centre"—the 
so-called "bull's-eye" vesicle—has been seen in the present investiga-
tion. Possibly the content of the vesicles transform into an electron-
dense substance during degeneration, and when the vesicles disinte-
grate, give rise to the general increase in electron density of the ter-
minals. SMITH et al. [1966] have reported similar "bull's-eye" vesicles 
in the cerebellum. Whether this difference in the degenerative pattern 
is related to the different nature of the afferents to the lateral geni-
culate body, i. e. from the rods and cones of retina, requires further 
specialised study. 
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Fig. 9. Shows the result of a counting of the number of synaptic vesicles in the de-
generating terminals (filled circles) and in the "normal control" material (open 
circles). A random counting in the equal sized terminals was made, so that any dis-
crepancy in the surface area of the degenerating and normal terminals can be ex-
cluded. 
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Table I. Criteria of synaptic degeneration 
Authors 
D E ROBERTIS [1956] 
acoustic N., guinea pig 
GRAY and HAMLYN [1962] 
Tectum, chicken 
CoLONNiER a n d G R A Y 
[1964] 
Cerebral cortex, ra t 
SMITH et ah [1964] 
lateral geniculate body, 
cat (1-100 days) 
MOMAHAN [1965] 
Lateral geniculate body, 
rat 
SMITH and RASMUSSEN 
[1965] 
Cochlea, chinchilla 
ANDERSEN et al. [1966] 
Hippocampus 
SMITH et al. [1966] 
Cerebellum, cat 
GLEES et al. [1966] 
lateral geniculate body, 
monkey 
Size of terminal 
swollen 
axon terminals 
disappear in 
30 days 
dense granular 
bouton 
shrunken dark 
pale, swollen 
progressive 
increase 
Synaptic vesicles 
No. arrangement 
decrease 
disappear 
not altered 
decreased 
persist 
for long 
decrease 
disappear 
clumped 
scattered 
indistinct 
clumped 
clumped 
electron density 
increased dark 
1-" 
dense substance 
between 
vesicles 
3. Fibrillary matter or fine filaments 
Fibrillisation and deposition of fine filaments in the terminals has 
been demonstrated during the early phases of degeneration by 
CoLONNiER and GUILLERY [1964] and GLEES et al. [1966] in the lateral 
geniculate body of the monkey. In the terminations of the oUvo-
cochlear bundle of chinchillas a similar proliferation has been re-
ported by SMITH and RASMUSSEN [1965]. The behaviour seems to be 
a characteristic feature of the earlier stages of degeneration, but after 
a survival period of 45 days it was seldom observed in our experiment-
al material. WALBERG [1965] denies the occurrence of filaments in the 
degenerating bouton at any stage. 
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decrease 
+ 
envelope 
«) r. "• 
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Mitochondria 
No. electron 
density 
Dense mass 
of vesicles 
and mito-
chondria 
Neuro-
filaments 
Glial 
processes 
Phago-
cytosis 
Other 
signs 
decrease increased 
decrease 
dense 
granular 
Increase 
enlarged 
mitochondria 
deformed 
cristae 
normal 
+ 
+ 
increased 
axoplasmic 
density 
No 
proliferate 
No 
invade 
terminals 
wrapped 
around 
bouton 
no 
evidence 
rapid 
post-synaptic 
density 
decreased 
decreased 
plasma 
membrane 
density 
no other 
background 
substance in 
terminals 
dark 
background 
substance 
4. Mitochondria 
MCMAHAN [1965] believes that the mitochondria are enlarged and 
deformed. ALKSNE et al. [1966] claim that they are packed together 
more closely. Most of the investigators agree that there occurs a dis-
integration of mitochondria. I t is of interest to recall that DowLiNG 
and COWAN [1966] agree that the ultrastructural appearance of 
terminal degeneration may vary considerably in different regions of 
the central nervous system. Whereas a breakdown of normal mito-
chondrial structure, clumping together or fusion of the synaptic 
vesicles and absence of neurofilaments characterizes degeneration in 
the cerebral cortex (COLONNIER [1964]) and in the dentate gyrus 
^ tj ' J 
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(COWAN and LAATSCH [1965]), a decrease in the number of synaptic 
vesicles and corresponding proliferation of the neurofilaments has 
been reported in the retina (DowuiVG and COWAN), in the lateral 
geniculate body (COLONNIER and GUILLERY[1964] , GLEES etal. [1966]) 
and in the cochlea of chinchillas (SMITH and RASMUSSEN [1965]). 
5. Indentation of contiguous boutons 
MCMAHAN [1965] considers indentation of contiguous dendrites as 
important evidence of degeneration. We have observed similar 
indentations in our operated material. I t appears reasonable to con-
sider them as pathological, since such indentations have not been 
observed in our normal material. 
6. Disintegration of synaptic connecting (cementing) substance and its 
opposing plasma membrane 
GLEES et al. [1966] consider the disintegration of synaptic connect-
ing substance to be pathological, and MCMAHAN [1965] has observed 
decreased plasma membrane density in his blinded rats. In this con-
nection the retraction of the synaptic membrane demonstrated by 
SMITH and RASMUSSEN [1965] must also be taken into account. We 
have noted a disintegration of synaptic membranes in the later stages 
of degeneration (HASAN, GLEES and TISCHNER [1966]). GRAY and 
HAMLYN [1962] have reported a diminution in the dSiisity of the post-
synaptic membrane in the optic tectum of chicken following eye 
enucleation. 
Summary 
Surveying our own experimental results on synaptic degeneration in the lateral 
geniculate nucleus of the monkey and the relevant studies of other investigators, the 
following conclusions are drawn. 
1. Tlie presenting features of synaptic degeneration may not only vary in the dif-
ferent parts of the central nervous system, but also show manifold varieties in a given 
region. Differences in the experimental conditions and processing of the material 
add to the limitations of a satisfactory interpretation of the results. 
2. All conditions leading to histological investigations should be kept constant for 
both normal and experimental material. An exhaustive study of the normal structure 
of the region to be subjected to an experimental investigation should form an 
essential pre-requisite of all such studies. Having taken this precaution, the results 
may be compared with due regard to the regional diflferences, species variations, 
different survival periods and the experimental conditions mentioned by the dif-
ferent investigators. 
<j r, rj 
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3. Qualitative as well as quantitative changes occur in the synaptic vesicles and 
mitochondria during degeneration. 
4. The number of synaptic vesicles is reduced and lysis of mitochondria occurs, 
leading to empty spaces in the terminals or the synaptic vesicles, and the mito-
chondria clump together and increased electron density is evident. 
5. Indentation of the terminals is frequently observed in longstanding degenera-
tion. 
6. An enlargement of the mitochondria and irregularity in the cristae has been 
observed in the post-synaptic side. In some neurones there occurs a marked increase 
in the number of mitochondria. These transneuronal changes are being investigated 
in detail. 
7. Where a number of tracts converge onto a localised region in the central nervous 
system, th c examination of the "persisting synapses", more than two months follow-
ing the interruption of a given tract, differentiates its mode of termin ation from tha t 
of the others. 
Resume 
Une etude critique d'experiences personnelles sur la degenerescence synaptique 
dans le corps genouille externe du singe, ainsi qu'une etude approfondie des resultats 
obtenus par d'autres auteurs, permettent les conclusions suivantes: 
1. L'aspect d'une degenerescence synaptique ue varie pas seulemeut selon les di-
verses parties du systeme nerveux central, mais il presente de nombreuses variations 
dans une et meme region. Des conditions experimentales et des techniques histolo-
giques differentes contribuent de plus a augmenter les difiicultes d'interpretation. 
2. Si Ton a pour but une etude histologique, il faudrait se conformer a des condi-
tions de technique essentiellement identiques, tant pour les animaux temoins que pour 
les animaux d'experience. Un examen approfondi de la structure normale de la region 
qui sera prise en consideration par I'experience devrait etre I'une des conditions essen-
tielles de toute etude. Ces precautions prises, les resultats peuvent etre compares par 
rapport aux differences regionales, aux variations possibles d'une espece a I'autre, aux 
periodes de survie et aux conditions experimentales raentionnees par d'autres experi-
mentateurs. 
3. Des modifications qualitatives aussi bien que quantitatives apparaissent dans 
les vesicules synaptiques et le chondriome au cours d'une degenerescence. 
4. Le nombre des vesicules synaptiques diminue; il se produit une lyse des mito-
chondries, ce qui determine 1'apparition d'espaces vides dans les vesicules terminales 
ou synaptiques, une aggregation des mitochondries et une augmentation de la densite 
electronique. 
5. Une dentelure des boutons terminaux s'observe frequemment si la degeneres-
cence est de longue duree. 
6. Les mitochondries sent plus volumineuses et les cretes mitochondriales sont 
irregulieres du c6te post-synaptique. Quelques neurones presentent un accroissement 
net du nombre de leurs mitochondries. Ces modifications transneuronales sont etu-
diees en detail. 
7. En des points ou un certain nombre de faisceaux convergent vers une region 
localisee du systeme nerveux central, I'etude des « Synapses persistantes », apres plus 
de deux mois d'interruption d'un faisceau donne, permet de differentier le mode de 
terminaison de ce faisceau par rapport aux autres. 
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Zusammenfassung 
In Anbetracht der eigenen ejcperimentellen Befunde iiber die synaptische Dege-
neration im Corpus geniculatum laterale bei Aflfen sowie entsprechender Unter-
suchungen von anderen Autoren konncn folgende Schliisse gezogen werden: 
1. Die jeweiligen Erscheinungsformen der synaptischen Degeneration konnen 
nicht nur in verschiedenen Abschnitten des Zentralnervensystems variieren, son-
dern auch in einer bestiramten Region mannigfaltige Verschiedenheiten zeigen. Un-
terschiede in den experimentellen Bedingungen und der Zubereitung des Materials 
fiihren zusatzlich zur Einschrankung einer befriedigenden Interpretation der Be-
funde. 
2. Alle MaBnahmen, die der mikroskopischen Untersuchung vorangehen, soUten 
fiir normales wie auch fiir experimentelles Material konstant gehalten werden. Ein 
erschopfendes Studium der Normalstruktur jeder Region, die den jeweiligen Gegen-
stand der experimentellen Forschung darstellt, muB unbedingte Voraussetzung fiir 
alle derartigen Untersuchungen sein. Hat man diese MaBregeln getrofifen, konnen die 
Befunde mit gebiihrender Beriicksichtigung der regionalen Unterschiede, der Art-
verschiedenheiten, der verschiedenen tJberlebenszeit und der von den einzelnen 
Autoren mitgeteilten experimentellen Bedingungen verglichen werden. 
3. In den synaptischen Blaschen und den Mitochondrien spielen sich wahrend der 
Degeneration quantitative wie auch qualitative Veranderungen ab. 
4. Die Zahl der synaptischen Blaschen wird reduziert. Es kommt zu einer Auf-
losung von Mitochondrien, was zu leeren Raumen in den Endigungen oder in den 
synaptischen Blaschen und zu einer Verklumpung der Mitochondrien fiihrt, wobei 
eine erhohte Elektronendichte deutlich in Erscheinung tr i t t . 
5. Bei langer dauernder Degeneration wird haufig eine Auszackung der Endigun-
gen beobachtet. 
6. Auf der postsynaptischen Seite wurde eine VergroBerung der Mitochondrien und 
UnregelmaBigkeiten der Cristae festgestellt. In manchen Neuronen kommt eine um-
schriebene Vermehrung der Mitochondrien zustande. Diese transneuronalen Ver-
anderungen werden zur Zeit im einzelnen untersucht. 
7. Wo im Zentralnervensystem mehrere Bahnen auf eine begrenzte Region hin zu-
sammenlaufen, kann mehr als zwei Monate nach Unterbrechung einer gegebenen 
Bahn durch die Untersuchung der (ipersistierenden Synapsen» ihre Endigungsart von 
derjenigen der andern Bahnen unterschieden werden. 
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Summary. Electron microscopical examination of the norma and de-afferented 'laterall 
geniculate body' of the monkey following paraformaldehyde-glutaraldehyde vascular per-
fusion revealed distinctive morphological features of different types of oligodendrocyte. 
These cells were normally situated as perineuronal satellites or in relation to axons and 
capillaries. A wide range of nuclear and cytoplasmic densities were displayed by both satellite 
and interfascicular oligodendrocytes. The following distinctive features for the identification 
of oligodendrocytes were utilised: the presence of large quantities of free ribosomes and 
ribosomal rosettes, microtubular profiles, dense marginal aggregation of nuclear chromatin 
together with light patches and numerous nuclear pores; but the absence of broad cyto-
plasmic processes, glycogen and gliofibrils. Circumferential perinuclear organization of the 
cytoplasmic organelles was typical of oligodendrocytes. Particular attention was paid to 
perineuronal satellite cells in view of the known transneuronal atrophy in the de-afferented 
geniculate body. Some cells having a nuclear pattern of oligodendrocytes but showing hyalini-
sation of perikaryon were seen in de-afferented laminae. A notable feature was the presence 
of variegated "osmiophilic bodies" in the perikaryon of oligodendrocytes also situated in the 
de-afferented laminae. A cell type combining the features of oligodendrocytes and astrocytes 
was classified as 'intermediate neuroglia'. 
Key words: Oligodendroglia — Monkey — De-afferentation - - Ultrastructure — Dense-
bodies. 
Introduction 
Perineuronal glia cells are known to respond to neuronal chromatolysis 
which follows t raumat ic lesion of axones (Cammermeyer, 1970; Kreutzberg, 1966). 
These findings indicate tha t changes in nerve cells affect neighbouring microglia in a-
distinct way but apparently no other type of neurogha.Whilestudying transneuronal 
changes in the lateral geniculate body of the monkey (Glees et al., 1967), we paid 
special at tention to alterations of oligodendrocytes closely associated with groups 
of principal cells of the geniculate. The term oligodendroglia was used by del Rio-
Hortega (1921) to define those neuro-ectodermal glia cells which his specific 
impregnation method showed to have comparatively few cellular processes. 
OMgodendrocyte nuclei were found to be smaller than those of astrocytes and 
richer in chromatin content. Within only three years of this classical description, 
Penfield (1924) noticed glia cells which he interpreted as transitional forms be-
tween oligodendrocytes and astrocytes in young mammals. Andrew and Ash worth 
(1945) drew at tention to some adendroglial cells related to oligodendrocytes, which 
they thought represented mainly satelUtes and some interfascicular glia. I t was 
* Fellow of the Alexander von Humboldt Foundation, on Sabbatical leave from J. Nehru 
Medical College Aligarh. India. 
** Recipient of the "Deutsche Forschungsgemeinschaft" Grant No. G./28/15. 
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considered tha t thih type of glia deserved a n^ane of its, own (Glees. ] 955). Witli the 
advent of electron microscopy this problem was not solved. On the contrary 
further complications arose. A clear specification of the ranue of oligodendrocyte 
morphology has not yet been achieved. Whereas IJUSC (1958. 19(32) and Vogel and 
Kemper (1961) designated the more den.se glia elements as astrocytes, a great 
majority of investigators hold the view that the oligodendrocyte exhibits com-
paratively greater electron-density than the astrocyte (Farcjuhar and ILartraann, 
1957. Sehuitzrfa^.. 1957: Har tmann. 1958; Schultz and Pea.se. 1959; Bunge e^  a/.. 
1960: Peters. 1960; De Robertis and Gerchenfeldt. 1961; Palay et al., 1962; Gray. 
1964; Gregoire. 1963; Terry and Weiss, 1963; Coulter, 1964; Herndon, 1964; 
Maxwell and Kruger. 1964; Schultz, 1964; Bodian, 1964; Mugnaini and Maxwell, 
1964; Kruger and Maxwell. 1966: Wendell-Smith et al. 1966' Hirano. 1968). Palay 
(1958) had suggested that with completely satisfactory fixation of tissue these 
differences would tend to disappear. This has proved only partially correct With 
the development of better methods of preparation, according to \Vendell-Smith 
et al. (1966), "the identification of macroglia] cell types has been tacitly assumed, 
without being formally proven". Maxwell and Kruger (1965a) have a t tempted to 
clarify the confusion by first differentiating the glia cells into "•astrocytic" and 
non-astrocytic" types. Astrocyles have been identified with reasonable certainty 
by the unique presence of glycogen granules and bundles of approximately 60 A 
filaments in their cytoplasm (Maxwell and Kruger, 1965a). The striking absence of 
these two components in other glial elements in formaldehyde or glutaraldehyde 
perfused material renders it possible to classify these cell types as non-astrocytic 
glia. This class of cells has been further observed to display wide range of nuclear 
and cytoplasmic densities. Kruger and Mexwell (1966) have, therefore, subdivided 
it into " l ight" and "da rk" variety with a range of intermediate forms depending 
upon electron density. Those elements with lighter cytoplasm and nucleus were 
found to be present in larger numbers than the dark variety. Both were, however, 
observed to be abundantly surrounded by axons and formed a typical inter-
fascicular row of cells (Kruger and Maxwell. 1966). In experimental allergic en-
cephalomyelitis Bunge etal. (1960) described "reactive macroglia" which did not 
conform to classical picture of either astrocj^te or the oligodendrocj'te. More 
recently Maxwell and Kruger (1966). investigating the effect of alpha particle 
irradiation on the oligodendrocytes of rat cerebrum, have given a detailed account 
of a cell-type termed as " the reactive oligodendrocyte". Once the ultrastructural 
features of oligodendrocytes (or different morphological forms of oligodendrocytes) 
have been clearly defined, the way for investigations of regional differences as well 
as of differences between animal species will be opened (Mugnaini and Walberg. 
1964). 
The aims of the present report are to describe the fine structure of oligoden-
drocytes in the lateral geniculate body (LGB) of the monkey, to investigate 
reactions, if any, of optic nerve terminal degeneration on its ultrastructure and to 
classify the different morphological forms of oligodendrocytes. 
Material andSlethods 
Some of the material used in tlie present study lias been described previously and has 
been reexamined ((ilees et aL. 19(i7). In addition to tins three male rhesus monkeys (Macacn 
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niultillii, weighing 2-3 kg) were used. 'J'hc left eye was emiclcated from each nnder sodium 
pcntol);trbital anaesthesia, and the animals were allowed to survive ] month. 3 months and 
1() months. They were then killed under anaesthesia hy perfusion through the heart or through 
the abdominal aorta with a mixture of paraformaldehyde (4"o) and glutalraldchyde (2%) 
a t pH 7.4. The head was severed and stored in a refrigerator for 3 hours before the lateral 
geniculate bodies were dissected out. Slices of LGB were immersed in the same fixative for 
3 hours in a refrigerator. Thin rodlots of ti.ssuc from laminae receiving fibres from the ipsi-
lateral (2. 3 and 5) and contralateral eyes (1. 4, and 0) were dissected out and cut into small 
pieces of about ] mm^. The material was rinsed in phosphate buffer and post-fixed for 2-3 
hours in chilled l"o osmimn tetroxide solution. The specimens were then dehydrated in 
acetone-water series, and at the stage of 70°o acetone stained for 12 hours with uranyl acetate 
(O.,')°o) and phosphotungstie acid (]°o). The tissue was embedded in Vestopal W. Ultrathin 
.sections were obtained with an LKB ultraraicrotonic. stained with lead citrate (Keynolds. 
1963) and studied with Siemens Elmiskop or Zeiss KM 9 A electron microscope. 
Results 
/. J'lorphological Features of Oligodendrocytes in (he Normal Laminae of (he Lateral 
Geniculate Nucleus 
The absence of broad cytoplasmic processes, glycogen granules and gliofibrils 
formed the basis for the differentiation of oligodendrocytes from the astrocytes. 
The positive features for its identification were the presence of abundant free 
ribosomes and ribosomal rosettes, microtubules in the perinuclear cytoplasm, 
relatively dilated cisternae of the endoplasmic reticulum, conspicuous Golgi 
complex, and large dilatations of the nuclear cleft (Bodian, 1964; Schultz, 1964; 
Mugnaini and Walberg, 1964; Kruger and Maxwell, 1966). The nuclear and cyto-
plasmic matrix densities displayed by this class of cells, suggest two different cell 
types with a range of intermediate forms. Both the 'light' and 'dark ' varieties were 
usually found to be related to axons, although the 'lighter oligodendrocytes' 
occured more frequently in close proximity to neurons or blood capillaries (Fig. 1). 
The interfascicular oligodendrocytes were usually of the "darker" tj 'pe (Fig. 2). 
'J'he shape of the nucleus varied markedly, depending possibly on the plane of 
section. Although elongated or irregular nuclei were more commonly observed, 
fairly round nuclei with a nari'ow cytoplasmic rim were also frequently apparent . 
The highest density of inhomogeneously distributed chromatin material was 
detected close to the nuclear membrane. Irregular light patches interrupted the 
dense chromatin at the nuclear membrane and were usually identified as the .sites 
of nuclear pores. Free ribosomcs and ribcsomal rosettes were prominent in the 
pcrikaiyon. The high cyto])lasmic matrix density, however, could not be account-
ed for by the abundant ribosomal content alone. In addition to it, a "dark 
backgiound substance" appeared to be contributing to the compai'atively high 
cyto])las)nic matrix density. The Golgi membranes and profiles of dilated endo-
plasmic reticulum were prominently displayed. 
In general, the oligodendrocytes showed densely packed perinuclear circum-
ferential organization of the organelles. 
2. Altered, Morphology of Oligodendrocytes 
The response of oligodendrocytes to terminal degeneration in those laminae of 
the latei'al geniculate body affected by optic nerve severance may facilitate the 
^ 'M, fj 
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Fig. 1. An oligodendrocyte (A') in the immediate neighbourhood of a capillary (C) and neu-
rone. A'« nucleus of neurone. Scale = 1 micrometer. 
Fig. 2. An oligodendrocyte in the neuropil. N nucleus of oligodendrocyte; C capillary. 
Scale = 1 micrometer 
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Fig. 3. Two oligodendrocytes in close apposition. The arrow points out the "junction'' 
N nucleus. Scale — 1 micrometer 
understanding of the functional role of these cells. When sections from the normal 
and de-afferented laminae were examined alternately, an increase in the frequency 
of occurrence of oligodendrocytes in the latter was clearly discernible. Frequently 
two oligodendrocytes were observed in such close proximity that no intercellular 
space separated them (Fig. 3). 
An increase in the size and density of the perikaryon was noticeable. Poly-
morphic electron-dense cytoplasmic inclusions formed the chief characteristics of 
such 'reactive' oligodendrocytes. Dense bodies of this type were never observed in 
3 
Fig. 4. An oligodendrocyte showing granular dense bodies in the perikaryon. Scale = 0.5 
micrometer 
Fig. 5. An oligodendrocyte showing an eccentric nuclevis (A') and striped dense body (£)) in 
the organelle-rich perikaryon. Scale = 0.5 micrometer 
Inset shows a higher magnification of the striped "dense body". Scale = 0.25 micrometer 
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Fig. (). Miciosiraph exlubitnig a pait of the cytoplasm of an ohgodcndrocvte. Xote the irregu-
lai. I.iniellated and elongated dense bodies, in the immediate vicinity of a myelindted axon 
(.-I); p) endoplasmic reticulum. Scale I micrometer 
the Moimal material Tiie internal s tmetu ie ot the '(lense bodies' vaiied maikcclly 
ttotn amorijhous to granular, lamellar or peeuliaily .sttipetl forms (Figs 4. .")) 
F^ihosomal rosettes and microtubules appeared prominently in the perikaryon 
Xuck^ai alterations were, however, less obxions but the innei and outer nuclear 
membranes were distinctly separated Comparatively more elongated and eceen-
tiic nuclei were discernible Irregular'ly shaped and laminated '"dense rnclusK^ns" 
were also seen in some oligodendr-ocyte perikarya (Fig 6) Occasionally a type of 
cell exhibiting r'cmarkable marginal clumping of the nuclear chromatin and 
hyalmi/.ation of the perikaryon was seen (Kig. 7). Such cells were usually found 
related to myelinated axons and often in close proximity to a neurone Blood 
capillaiies were not detectable in their neighbourhood. This type of cell has been 
tentatively classified as a "modified form of oligodench'ocyte' as the marginal 
clumping of nuclear chromatin resembled closely the pattern commonly encount-
ered in oligodendrocytes 
3 Transitional Form of Neuroglia 
M times glia cells possessing the characteristics of both the oligodendrocyte 
and astrocyte were observed. Clumping of nuclear chromatin and marked dila-
tat ion of the nuclear cleft conformed to the oligodendrocyte but the elongated 
nuclear profile and bundles of gliofibrils in the perikaryon tilted the balance in 
122 M Hasan and P Glees 
Fig 7 Modified t jp t of ohgodendiocjti (O) ha\ ing dense iicnkarvoii {anon) ida tcd to 
myelmated axons and inii i ionc ( \ t uukus of the lu uroiu ) S( ile 0 5 rnicronietci 
favour of an astrocyte On the other hand, prominent ribo&omal rosettes and 
microtubuh typical of ohgodendrocytes were also apparent (Fig 8) 
Discussion 
The Diversity of the Morphology of Oligodendroglia is Evident by the above 
Description and Illustrations This laises some questions concerning alternative 
classifications and the possibility of transitional forms (Ramon-Moliner 1958) 
At times the oligodendrocyte exhibiting low density lesembles the astioc_\te 
closely 
Classification of oligodendrocytes into "dark" and 'pale" types, on the basis 
of their relative electron density has been at tempted However a c autious approach 
is warranted m utilising the criterion of 'electron density' alone toi the classi-
fication (Krugei and Maxwell, 1966) The presence of "dark" and pale" oligoden-
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Fig 8 Eleftion micrograph depicting \ ti insitioiidl f)rni of niurogliil tell The aiioii 
points out the widol'v St p i r i t t d niu Ic ir mcn ibnn t s \ nutleus / fibnlht Sti l t 0 5 mitio 
iiictt r 
drocytes m the same hectit)n indi ta t t s that tht di \eis i t \ in t lee turn densit\ 
represents a real difference The mterfasciculai and satellite t)ligodendrt)(;\teis 
however, do not exhibit appieciable differences m their fine st iuctuie m ielation to 
their different location On this point wc agree with the findings of Mugnaini and 
Walberg (1964) The question of identification of the cell t j pe exhibiting amor-
phous oi hyaline perikaryon is certainly difficult The nuclear characteristics are 
more m favour of an oligodendrocyte but a tangential section thiough an endo-
thelial cell or a pericyte might exhibit a simrlar profile although tiacmg a conne 
xion with a blood vessel was unhuccssful Furthermoie such cells were commonly 
surrounded by myelinated axones or related to a neurone On the basis of their 
location and fine structure, the designation of a modified type of oligodendrocyte ' 
appeals more reasonable The cell-type exhibiting hyalini/ation of the peiikaryon 
was detected in the de-afferented laminae of the lateral geniculate body Initially 
we considered this type of cell as a modified pericyte or microglia But as the 
characteristic features of microglia established by Baron and Gallego (1972) are 
found to be lacking, we believe at this stage that this cell type should be t'^imed as 
*.1 
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a modified oligodendrocyte. Furthermore, Maxwell and Kruger (1965b) have 
suggested tha t microglia are nothing more than the cells described b_y del Rio-
Hortega (1921) as oligodendrocytes. I t seems reasonable to infer tha t this alter-
ation might be a late sequel of the trans-neuronal degeneration caused by optic 
denervation or by terminal optic degeneration. 
Satellite OligodeMchocytes. The oligodendrocytes observed in the vicinity of 
neurones constitute the perincuronal satellites. These satellite cells frequently 
display lower nuclear and cytoplasmic densities than the interfascicular oligoden-
drocytes. Earlier. De Robertis H al. (I960) have described the occurrence of two 
satellite oligodendrocytes .side by side in the cerebral cortex of rabbit. The occasion-
al occurrence of two of these satellite cells in the de-affcrented laminae of the 
geniculate body is of particular interest. The darker nuclear density and hyalini-
zation of the perikaryon of some of the satellites deserves special reference in 
view of the known transneuronal atrophic changes ia the de-afferented geniculate 
neurones. Until moi'e information is available on llic functional interrelationship 
of satellite oligodendrocytes and neurones, it is advisable to collect all the detect-
able morphological data which are likely to eluciuale the functional significance 
of satellite oligodendrocytes. 
Interniediate Forms of Neuroglia. The existence of intermediate forms of macro-
glia was surmised by the light microsco])ists using metallic impregnation techni-
cjues (Penfield. 1924: Ramon-Moliner. 1958). Examining Nissl-stained material. 
Krj 'spin-Exner (1943) assumed that certain nuclei which resembled oligoden-
drocytes were in fact astrocj'tes. Intermediate forms were also reported by Cammijr-
meyer (I960) who used PAS-gallocyanin method. The electron microscopical 
analysis conducted by Farquhar and Har tmann (1957) supported these observa-
tions. Cells were found containing filaments and glycogen particles in theii- cyto-
plasm, which was elsewhere rich in ribosomi^s and dense organelles. These findings 
have been more recently reiterated by Har tmann (1962). However. Mugnaiiu and 
Walberg (1964) deny the existence of "intermediate forms" in the normal material 
and prefer to identify this variety of jnacroglia as " the organollc-rich a.strocytc'". 
Their assumption is supported by the hi.stochemical study of Blunt et at. (1966) 
Wendell-Smith el al. (1966). agree that modulations may oc.cur or that intei'-
mediate or bivalent forms may exist undei different circumstances and in different 
situations. The predominant form in tissue culture (Bunge et al.. 1965: Ross et al.. 
1962) and in develo])ing kitten seems to be a bivalent form with the dense matrices 
of the oligodendrocytes and glycogen ]iai'ticles and filaments of astrocytes. Bunge 
et al. (1961) designated the cells exhibiting a dense cytoplasm and fibrils as " the 
reactive macroglia". It is thus conceivable tha t bivalent forms of macroglia may 
appear in response to altered environment or functional requirements. Vaughn 
and Peters (1968) noted a .striking resemblance between the '"third neuroglial'" 
cell type of the adult optic nerve and the presumed neuroglial precursors appear ing 
during develoi)inent They iiostulated that , in the adult, the multipotential glial 
cells may be retained, just as the nmltipotcntial cells in other mature tissues. 
According to Peters el al. (1970), the multipotentiality of this third neuroglial 
element was indicated by the fact tha t in adult optic nerves undcr'going Wallerian 
degeneration these cells appeared to incr-ease in number, surrounded degenerating 
myelin and contained lipid inclusion. Maxwell and Kr-uger- (1966) considered the 
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dense bodies of tlie oligodendrocytes to be the products of ••normal" degenerative 
processes such as those related to ageing. Tiie accumulation of dense bodies 
following irradiation or in ])athologieal conditions might be assumed to be the 
result of acceleration of the degenerative process associated with senescence. 
Den.se bodies of oligodendrocytes have thus been identified as lipofuscin granules 
by Maxwell and Kruger (1966). fn this context, it is of ])articular interest to note 
that ••banded dense bodies" as shown in Fig. 6 have not yet been identified in the 
neurones although various other morphological pat terns of lipofuscin have been 
I'cported (Hasan and Glees. 1972). We feel certain, on account of a systematic 
s tudy of neuronal lipofuscin. that the laminated, highly organised dense liodies 
found in oligodendrocytes are fundamentally different from li])ofuscin. The latter 
are usually found to be intimately related to mitochondria or at times located 
within the mitochondrial profiles whereas the laminated or striated bodies never 
appear to be related to mitochcmdi'ia. They are. on the other hand, in close relation 
to ribosomal organelles. Their layering appears to imitate, in grossly distorted 
way. myelin lamination and may represent an abortive production of myelin, 
although glial membrane windings are not visible. Phagocytosis of myelin by 
oligodendi'ocytes has never been observed by us. The dense bodies of oligoden-
drocytes might coneievably be the product of altered metabolism. 
Ackiioiiiedgcmeiit. We wish to thank Miss K. Heyder for the technical assistance and 
Mrs, Ma. del Carmen Weinrichte.r for typing the manuscript. 
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INTRODUCTION 
THE ULTRASTRUCTURAL analysis of lipofuscin is still in the descriptive phase. However, its 
scope is far reaching, since increasing intraneuronal accumulation of lipofuscin pigment is 
considered to be the most consistent cytological change correlated with the ageing of 
mammals (Bondareff, 1957; Brizzee and Johnson, 1970; Brody, 1960; Reichel et al, 1968; 
Samorajski, Ordy and Rady-Reimer, 1968; Strehler, 1964; Whiteford and Getty, 1966; 
Wilcox, 1959). Although adequate information on the submicroscopic details of the living 
neurone is still scarce, improved preparative techniques have enabled the electron micro-
scopist to visualize most of the cell-organelles in a near life-like condition. The fine-
structure of neuronal lipofuscin is of particular interest not only for the elucidation of the 
regional diiferences in the time-sequence of its appearance (Few and Getty, 1967, Reichel 
et al., 1968; Whiteford and Getty 1966 and Wilcox, 1959), but also because of its morpho-
logical differences recently observed in some nuclei of the human brain (Braak, 1971). 
In addition to the well-known homogeneous, finely granular or lamellated appearance 
of lipofuscin granules, electronlucid areas or "vacuoles" have also been detected in some 
of the pigment granules. Furthermore, an increase in the size and number of vacuoles with 
time has been reported by Few and Getty (1967), Hasan and Glees (1972a), Samorajski, 
Ordy and Keefe (1965). On the other hand, some investigators claim an increase in the 
vacuolization of lipofuscin following administration of centrophenoxine (Chemnitius et al. 
1970; Meier and Glees, 1971). Few and Getty (1967) consider that such vacuoles probably 
represented-lipid bodies, possibly altered by ethanol in the dehydration process. The 
specific aims of the present study were as follows: (1) to study the fine structure of lipofuscin 
in the different regions of nervous system (2) to observe the effect, if any, of different methods 
of fixation, dehydration and embedding as well as that of freeze-etching on the morphology 
of lipofuscin, with special reference to the appearance of electron-lucid areas. (3) to classify 
the lipofuscin granules according to their ultrastructural characteristics. 
MATERIAL AND METHODS 
Material from human cerebral cortex, lateral geniculate bodies of 18 macaque monkeys; 
spinal ganglia, lateral geniculate body, mamillary body and hippocampus of 30 Wistar 
rats (ages varying from 4 to 46 months), was processed for electron microscopy by different 
methods tabulated as follows: 
* Fellow of the Alexander von Humboldt Foundation, on sabbatical leave from J. Nehru Medical 
College, Aligarh, India. 
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TABLE 1 
Method of initial fixation Species Number 
Transcardiac perfusion in vivo, 
after Sabatini et al. (1963) Monkey 16 
Transcardiac perfusion in vivo. Rat 20 
after Karnovsky (1965) Monkey 2 
Canulization of abdomenal aorta 
with a ureteric catheter and perfusion 
in vivo after Karnovsky (1965) Monkey 1 
In vivo perfusion with Karnovsky's 
fluid containing 1 per cent sucrose Rat 6 
In vivo perfusion with Karnovsky's 
fluid containing 4 per cent potassium 
bichromate Rat 
Immersion fixation in Karnovsky's 
fluid for 3 hr at 4°C 
Human 
Rat 
TABLE 2. MODIFICATIONS OF POST-FIXATION 
Method Solution I Solution II 
II 
2% Glutaraldehyde containing 0-33% 
Acrolein 0-5% CaClj and 007M 
Sodium cacodylate (pH 7-2) 
Karnovsky's fluid containing 4% 
potassium bichromate (at 4°C for 3 hr) 
I for 30 min at4°C 6 % aquous potassium permanganate solution (pH 7-5) for 1 hr at 4°C (the solution was filtered before use)* 
* Several brief rinses in chilled 0-2M sodium cacodylate were used for removing excess permanganate 
from the tissue before dehydration. 
DEHYDRATION 
Method Percentages of solution* 
Acetone-water 
series 
Alcohol-water 
series 
Epon series} 
after Craig et al. 
(1962) 
30 
25 
50 
35 
70t 95 100 100 
50 70t 95 100 100 
Tissue was transferred from buffer-rinse solution into a solution of 25 per cent 
buffer and 75 per cent Epon 812 for 1 hr and then to Epon mixture (48 ml 
Epon 21 ml dodecenyl succinic anhydride, 31 ml nadic methylanydride) for 12 hr 
* The tissue was dehydrated for 15 min each in different grades of acetone-water or alcohol-water series. 
In 100 per cent acetone or absolute alcohol this period was increased to 30 min. 
t Initial staining was accomplished at this stage (70 per cent acetone or alcohol) in most of the specimens 
by keeping them in a solution of 0- 5 per cent uranyl acetate and 1 per cent phosphotungstic acid in 70 per 
cent acetone or alcohol (overnight in darkness). 
} The Epon series was less time-consuming and eliminated entirely the use of known lipid-solvents i.e. 
acetone or alcohol. 
Following 100 per cent acetone or absolute alcohol, the tissue was in some cases further dehydrated in 
propylene oxide for 30 min. 
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Methods Steps 
Vestopal-W 
Araldite 
Epon 
1) Vestopal + Acetone 1 : 3, 1 : J, 3 : 1; for 2 hr each. Pure Vestopal overnight. 
Activated Vestopal for 6 hr. Finally embedded in freshly activated Vestopal. 
•(^ Polymerization at 60°C for 48-72 hr 
2) Vestopal + Propylene oxide 50 : 50, overnight. 
In activated Vestopal for 6-8 hr and the rest of the steps as in (1) 
Araldite solution + Propylene oxide; 50 : 50, overnight in uncovered bottles. 
Then in araldite solution for 6 hr. Tissues oriented in gelatine capsules, filled with 
fresh araldite and polymerized at 40°C for 6 hr and at 60°C till suitable for cutting. 
f 1) Epon + Propylene oxide; 50 : 50 in uncovered bottles overnight. Then embedded 
in fresh Epon mixture containing 1-5 ml of 2, 4, 6-tri (dimethylamino-methyl) 
phenol-added per 100 ml of Epon mixture. Polymerization at 40°C for 7 hr and 
at 60 °C till suitable for cutting. 
2) No Propylene oxide used. From buflfer-Epon mixture the tissue was transferred to 
pure Epon mixture for 12 hr and then processed as above (1) 
After perfusion in vivo, small pieces of desired nervous tissue were usually immersed in the 
same "perfusion fluid", for 3 hr at 4°C, rinsed in phosphate buffer (pH 7-3) or in 0-2 M 
sodium cacodylate (3 changes or overnight) and then post-fixed in Dalton's 1 per cent 
osmium tetroxide for 3 hr at 4°C. The following modified procedure was adopted in 3 
rats in which osmium tetroxide was not used at any stage (Table 2). 
The blocks were trimmed with LKB Pyramitome and sections cut on LKB Ultratome. 
The sections supported on formvar covered grid (some of which were further stained 
with lead citrate after Reynolds (1963) were examined with Siemens Elmiskop or Zeiss 
EM 9A electron microscopes. 
FREEZE-ETCHING TECHNIQUE* 
Pieces of cerebral cortex and spinal ganglia were dissected out from one anaesthetized 
rat (sodium pentobarbital, 15 mg intraperitoneal), 42-months of age. Small pieces, of 
about 1 mm ,^ were suspended in 30 per cent glycerin-Ringer solution for 45 min before 
being frozen in liquid Freon 22 at a temperature of -160°C. The tissue was then transferred 
to liquid nitrogen. The frozen object, mounted on the object table, was cut, etched (i.e. 
the cut surface was freeze-dried to a depth of a few Angstroms) and covered with a platinum-
carbon replica in Balzar's freeze-etching apparatus BA 360 M (after Moore and Miihle-
thaler, 1963). The vacuum was broken after the deposition of the replica on the frozen-
etched face of the object. The object table was then detached from the stage and warmed 
to room temperature. The table was dipped in water and the replica floated off. 
The replica was washed in eau de Javelle (a solution containing sodium hydroxide and 
sodium hypochlorite) and distilled water. Finally it was taken up on Formvar-coal covered 
grid and examined in Siemens' lA electron microscope. 
* This part of the investigation was carried out at the electron microscopic unit of the Department of 
Anatomy, medizinische Hochschule, Hannover. We are grateful to Professor Rcale for permitting us the 
use of his laboratory and to Mrs. Wermbter and Mr. Konitz for the excellent technical assistance. 
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OBSERVATIONS 
A fair degree of variability in size, shape, electron-density and fine structural detail of 
lipofuscin was commonly observed. Homogeneous, uniformly electron-opaque, poly-
morphous profiles, 0-5 to 3 m\x in size, were, however, more frequently encountered. 
"THE EFFECT OF DIFFERENT PREPARATIVE METHODS ON THE ELECTRON-
DENSITY OF LIPOFUSCIN" 
Potassium bichromate-fixed lipofuscin exhibited uniformly lower electron-density as 
compared to the specimens fixed in osmium tetroxide or potassium permanganate (Fig. la, 
b, c). But the density of pigments fixed in osmium tetroxide and potassium permanganate 
was almost similar. Initial staining with uranyl acetate and phosphotungstic acid of the 
tissue yielded better contrast. However, no appreciable difference in electron-density was 
recorded by varying the methods of dehydration and embedding. A single limiting mem-
brane was usually discernible on higher magnification. But the high electron-density of 
homogeneous pigment granules fixed in osmium tetroxide or potassium permanganate 
at times hampered its visualization. 
Next to the homogeneous pigment granules was the incidence of finely granular hpo-
fuscin in the different topographical regions of the nervous system studied in the rat and 
in the lateral geniculate body of the monkey. Different methods of fixation used in this 
study did not appear to alter the morphology or distribution of the granules. However, 
the lower electron-density of potassium bichromate-fixed granules enabled a clearer visual-
ization of the internal pattern. Distinct granules were apparent in the specimens prepared 
by freeze-etching technique (Fig. 2). Furthermore, some coarsely granular profiles observed 
in a monkey deserve particular mention (Fig. 3). But for a small clear, electron-lucid zone 
apparent in most of the cases, the pigment body was found to be uniformly studded with 
coarse granules. The granules varied in size, some were even larger than the average ribo-
somes. They were confined to the pigment body and in no instance extended beyond its 
outer limit. 
Electron-lucid areas, or the so-called vacuoles, were frequently observed in both the 
homogeneous and granular type of lipofuscin, particularly in the older animals. The 
vacuoles varied in size and number. Some of them were Ijj, or more in dia. Pigment granules 
containing clearly defined vacuoles were also observed in the biopsy material obtained 
from the parietal cortex of a 55 yr old male subject (Fig. 4). Furthermore, one to three 
distinctly circumscribed vacuoles commonly formed the integral part of lipofuscin in the 
rats over 24 months of age. The exact ages of the monkeys used in this study could not be 
ascertained, but in them as well, an impression of the increase in size and number of the 
vacuoles in the lateral geniculate neurones of the older animals was apparent. 
It was of particular interest to note that the different methods of fixation, dehydration, 
staining and embedding caused no apparent alteration in the incidence, size or shape of 
the vacuoles. The vacuoles were clearly visualized in the specimens prepared by freeze-
etching technique (Fig. 2). 
Lamellated appearance of pigment granules was occasionally discernible. However, the 
"finger-print" type of lamellae, described by Few and Getty (1967), was not encountered 
in the material investigated by us. 
At times, pigment granules appeared lobulated, or an apparent fusion of two or more 
pigment bodies was discernible (Fig. 5a, b, c). Frequently the lipofuscin granules were 
FIG 1 Shows the appearance of hpofuscm after fixation in OsOj, potassium bichromate and potassium 
permanganate (a) Vacuolated hpofuscin granule in the vicinity of the nucleus (N) of a neurone of the 
hippocampusof a46monthsold rat Arrows point out the vacuoles G — Golgi apparatus Perfusion fixation 
with Karnovsky's fluid, post-fixation in OsO,, dehydrated in acetone-watei series, embedded in Vestopal-W 
(b) Lipofuscin granules in the perikaryon of a lateral geniculate neurone of rat Perfusion-fixation with 
Karnovsky's fluid, post-fixation in the same fluid containing 4 per cent potassium bichromate, treated with 
buffer-Epon and embedded in Epon (c) Electron micrograph showing the topographical relationship of 
lipofuscin (L), the nucleus (N), Golgi apparatus (G) and endoplasmic reticulum (er) in the lateral geniculate 
neurone of rat Perfusion-flxation with Karnovsky's fluid Post-fixed m glutaraldehyde-acrolein solution 
and potassium permanganate Dehydrated in alcohol-water seiies and embedded m Epon 812 
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FIG 2 Lipofuscin granule from spinal ganglion of the rat as visualized by free etching technique Note 
the granular appearance and vacuoles (from spinal ganglion lat 42 months old) 
FIG 3 Profiles studded with coarse gianules as obseived in a lateral geniculate neurone of the monkey 
The arrow points out an electron-lucid gianule-free aiea Peifusion-fixation by Karnovsky s fluid Post-
fixed in OSO4, dehydrated in acetone and embedded in Araldite 
FIG 4 A magnified view of the lipofuscin granule as observed in the human parietal cortex (55 yr old male) 
Immersion-fixation in Karnovsky's fluid Post-fixed m Dalton's OsO, dehydrated in acetone and embedded 
in Vestopal-W 
FIG 5 Electron micrographs showing "complex" hpofuscm gianules suggestive of an aggregation of 
simpler forms (a) Irregular lobulated lipofuscin granules as seen in the lateral geniculate neurone of a 42-
month old rat Perfusion fixation by Karnovsky's fluid containing 1 percent suciose Post-fixed in potassium 
permanganate, dehydrated in alcohol series and embedded in Epon (b) Lipofuscin profiles suggestive of 
the fusion of two components, as seen in the perikaryon of a lateral geniculate neurone of 44 month-old rat 
Perfusion-fixation by Karnovsky's fluid, post-fixed in potassium permanganate, dehydrated in alcohol and 
embedded in araldite (c) Highly magnified view of a lipofuscin granule in the lateral body of the rat (44 
months old ) Perfusion-fixation by Karnovsky's fluid containing 4 per cent potassium bichromate Post-
fixation in po'assium permanganate Dehydrated in alcohol Embedded in Epon 
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observed in the vicinity of tlie nucleus of the neurones, often mingled with variegated 
mitochondria. Extracellular lipofuscin was not observed. No pigment granules were seen 
in the axones. 
DISCUSSION 
Lipofuscin pigment is not only osmiophilic but can be equally well demonstrated by 
potassium permanganate and potassium bichromate fixation. Its visualization by freeze-
etching technique is of immense value since in this way chances of possible alteration by 
the fixatives, dehydrant or embedding agents used for routine electron microscopy are 
completely eliminated. There is no doubt that lipofuscin forms an integral part of the 
neuronal cytoplasm in the aged. The ultrastructural features of the pigment, however, are 
variable. In the order of their incidence observed in the present study, the lipofuscin granules 
can be classified as follows. 
1. Homogeneous or uniformly electron-dense lipofuscin 
2. Finely granular form 
3. Vacuolated type 
4. Lamellated or banded type 
5. Coarsely granular form 
6. Compound or heterogeneous lipofuscin 
The proposed ultrastructural classification supplements the one given by Miyagishi et al. 
(1971), by adding vacuolated type and splitting the granular form into the more commonly 
^Kt,.»^.,arl finely nr.-nr.»1o^-,:.^^-iJ»..>-«^^.- ^^^^^^\y C^X-\1(W\\^\ Y f l i f ^ y ^ " rPa\nno,^ d l f ferCnCe lU 
the distribution of the different types of lipofuscin granules is known to occur. Homogen-
eous, granular and vacuolated pigment bodies show no species specificity as well, at least 
in human, monkey and rat specimens. The earlier reports of an increase in size and number 
of the vacuoles in lipofuscin pigment with age (Few and Getty, 1967; Hasan and Glees, 
1972a), is supported by the present study. But the view, that the vacuoles represented lipid 
bodies possibly altered by ethanol in dehydration (Few and Getty 1967), needs revision 
in the light of our observations. The vacuoles are clearly visualized in specimens untreated 
by acetone or alcohol (fixed in potassium bichromate and embedded in Epon), and above 
all by the freeze-etching technique in which no fixative, dehydrant or embedding medium 
is used at any stage. The isolation of lipofuscin granules from the brain tissue has not been 
reported as yet (Bjorkerud, 1972). Hence opinion on their exact chemical constitution is 
better reserved till successful isolation and chemical analysis of lipofuscin from the brain 
tissue is accomplished. Recently, vacuolated lipofuscin granules have been demonstrated 
in the cortical biopsy material of a 61 yr old woman suffering from Pick's disease (Wisniew-
ski et al, 1972). But the significance of such pigment granules continues to be speculative. 
The increased vacuolation of the pigment-bodies with age is, however, of particular interest. 
It is possible that some alteration of the lipofuscin occurs with time or in other words, 
there is ageing of the so-called age pigment. Thus the increased vacuolation, observed in 
rats treated with centrophenoxine (Chemnitius et al, 1970; Meier and Glees, 1971), is 
more likely to be an acceleration of normally occurring alteration of the pigment granules 
in the aged. 
Indication of segmentation or lobulation of the pigment granules observed in some 
instances deserves particular consideration, more so because of the reported transformation 
f 1 ; ^ ii 
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of the pigment bodies from simpler to the more complex forms (Samorajski, Ordy and 
Keefe, 1965). Two distinct components—light and dark—of the lipofuscin granules were 
distinguished by Andrew (1961) as well. Hitherto, unanimity on the mode of genesis of 
neuronal lipofuscin does not exist. (Hasan and Glees, 1972b). However, the possibility 
that the larger pigment granules might have developed by accretion or fusion of smaller 
units should be held in mind. 
Acknowledgement—The authors wish to thank Miss E. Heyder for the excellent technical assistance and 
Mrs. M. del Carmen Weinrichter for typing the manuscript. 
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Summary—The fine structure of lipofuscin in the nervous system of man, monkey and rat 
has been studied. The pigment granules have been classified according to their ultrastructure 
into: homogeneous, finely granular, vacuolated, lamellated, coarsely granular and compound 
(or heterogeneous) types. Profiles suggestive of the aggregation of simpler into more "com-
plex" form of lipofuscin have been observed. The effect of different methods of fixation, 
dehydration and embedding—including the freeze-etching technique—has been evaluated. 
Electron-lucid areas in the pigment granules were visualized also by freeze-etching tech-
nique, hence they could not possibly be artifacts caused by the fixatives or dehydrants. The 
findings have been discussed in the light of the earlier reports on this subject. 
R^ume—On a 6tudie la structure fine de la lipofuscine dans le systeme nerveux de I'homnie, 
du singe et du rat. D'apres leur ultrastructure, les grains de pigment ont 6te classes en types 
homogenes, granuleux fins, vacuoles, lamellaires, granuleux grossiers et composites (ou 
h6t&ogenes). On a observe des proflls qui suggerent une agr^gation de formes simples en 
formes plus "complexes" de lipofuscine. L'effet de differentes m6thodes de fixation, de 
d6shydratation et d'enrobage, y compris la technique de cryoddcapage, a ete 6valu6. 
Les zones "^lectron-lucides" des grains de pigment ont aussi 6te visualisees par la technique 
de cryodteapage; elles ne pouvaient done pas etre des artefacts imputables aux fixateurs ou 
aux d&hydratants. Ces observations sont discut6es a la lumifere de rapports anterieurs sur 
ce sujet. 
'•J r* ^ 
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Zusammenfassung—Die Feinstruktur von Lipofuszin im Nervensystem des Menschen, des 
Affen und der Ratte wurde untersucht. Die Pigmentgranula wurden nach ihrer Ultrastruktur 
eingeteiit in homogene, feingranulierte, vakuolare, lamellierte, grobgranulierte und komplexe 
(oder lieterogene) Typen. Profile, welche die Aggregation von einfacherer in "komplexere" 
Formen des Lipofuszins andeuten, wurden beobaclitet. Der EinfluB verscliiedener Methoden 
der Fixation, der Entwasserung und der Einbettung—auch der Freeze-Etch-Methode—wurde 
untersuclit. 
Elektronentransparente Bezirke in den Pigmentgranula wurden auch mit der Freeze-Etch-
Methode nachgewiesen, sodaB sie nicht Artefakte durch Fixationsmittel oder Entwasserungs-
mittel sein konnen. Die Resultate wurden im Lichte fruherer Mitteilungen uber dieses Problem 
diskutiert. 
PesiOMe—Hay^ajiocfa TOHKOe cxpoeHHe nHno4)ycaHHa B HepsHOH CHcieMe l^eJioBCKa, 
o6e3bHHbi H Kpbicbi. IlHrMeHTHbie sepHbiuiKH KJiaccH(J)«aHpoBajiHCb no Hx ynbTpacxpyKiype 
Ha cJieayiomHe: roMoreHHwe, MejiKosepHHCTbie, BaKyonHSHpoBaHHwe, nnacTHHtiaTbie, 
KpynHosepHHCTbie H cjio>KHbie (reTeporeHHwe) THnbi. Ha5jnoflaiiHCb KapiHHbi, yKasbisa-
lomne Ha arperaqHio 6ojiee npocTOH B 6oiiee "cjiOKHyio" (})opMy jiHno(J)ycanHa. IlpoBOflH-
JiaCb OUeHKa BJIHHHHH paSJIHMHblX MeiOflOB I^HKCaUHH, 06e3B0>KHBaHHH H 3ajIHBKH—BKHK)-
nasi TpaBJieHHH 3aM0pa>KHBaHHeM. 
3jieKTpoHHO-npo3paqHbie Mecia B nHriweHTHbix 3apHbimKax 6WJIH BHAHM laKwe npn 
• TexHHKe TpaBJieHHH 3aMopa>KHBaHHeM, nosTOMy OHH HC MOFJIH 6biTb apTe^aKTaMH, BbiasaH-
HblMH (J)HKCaTOpaMH HJIH o5e3BO>KHBaiOmHMH peaKTHBaiWH. 3 T H flaHHble 05cyH<flaiOTCH B 
CBeTe 6ojiee paHHHX cooSmenHii no aioMy Bonpocy. 
'•J 0 ''J 
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Genesis and Possible Dissolution of Neuronal Lipofuscin 
M. HASANI and P. GLEES^ 
Institut fiir Histologie und Neuroanatomie der Universitat Gottingen (Dir.: Prof. Dr. 
P. GLEES), Gottingen 
Abstract. The studies reviewed here reflect a marked difference of Key Words 
opinion among investigators on some fundamental aspects of lipo- Ageing 
fuscin research, such as its correlation to ageing, diflferent type(s) and Lipofuscin 
origin(s) of pigment granules, role of trauma and diseases, and the Type(s) 
effect of drugs. An attempt has been made to present a unified concept Origin(s) 
of origin of lipofuscin and to point out the lacunae in our knowledge Function(s) 
with a view to stimulate further research. Role of diseases 
Effect of drugs 
Increasing intraneuronal accumulation of lipofuscin pigment is con-
sidered to be one of the consistent cytological changes correlated with the 
ageing of mammals [8, 10, 11, 54, 60, 64, 69, 77, 80, 81]. The causal relation-
ship of this pigment to the ageing process has been the subject of much 
study and controversy. As early as 1894, HODGE [37] observed that the cyto-
plasm of human neurons of senile individuals was largely filled with a pig-
ment, whereas the nerve cells of the fetus contained almost no pigment. 
But later, HUMPHREY [38] demonstrated a pigment in cortical neurons of 
5-, 6- and 8-week-old human embryos, thus raising serious doubts about the 
validity of the assertion that pigmentation could be correlated with senility. 
It may, however, be pointed out that the embryos in question were obtained 
by way of therapeutic abortion. Since therapeutic abortions are generally 
indicated in maternal illness, it is possible that the presence of the pigment 
1 Fellow of the Alexander von Humboldt Foundation, on Sabbatical leave from J. Nehru 
Medical College Aligarh, India. 
^ Recipient of the 'Deutsche Forschungsgemeinschaft' Grant No.G./28/15. 
Received: March 22,1972. 
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was not a normal occurrence [46]. Equally, the assumption that the ac-
cumulation of the pigment is an age-correlated process is still far from well 
established. SULKIN [71] has questioned whether the appearance of lipo-
fuscin is a fundamental component of the ageing process or whether its 
accumulation is the result of various kinds of insult and injury to the animal. 
Furthermore, pigment formation in young rats has been described under 
various experimental conditions, such as chronic vitamin E deficiency, the 
effect of prolonged acetanilid feeding, the treatment of unilateral nephrect-
omized rats with ACTH, and in cases of chronic hypoxia. These reports 
question the dogma of lipofuscin deposition in the aged. STREHLER [69], 
however, contends that experimental induction of lipofuscin does not 
invalidate a close relationship to ageing, since the resulting experimental 
formation and accumulation might very well operate by a different pathway 
than the one occurring in physiological ageing. Shifts in metabolic path-
ways are not uncommon, e.g., aerobic to anaerobic glycolysis in skeletal 
muscle. 
Do different types of lipofuscin-pigments exist? 
To extend this reasoning further, it might well be questioned whether 
the pigment, demonstrated in the embryos or induced experimentally in 
younger animals, is chemically identical to the one observed in the senile 
neurons. Although lipofuscin pigment has been partially isolated from 
human and bovine hearts [6, 33], attempts to isolate the pigment from 
mammalian brain have been unsuccessful so far [53]. The chemical properties 
of this pigment in the neurons have not been adequately studied. It is pos-
sible that different types of pigments have been seen in the embryos, in young 
animals subjected to experimental stress, dietetic and environmental dis-
turbances, and in the aged, using different techniques (table I). The evalua-
tion of Sudan-stained material is, according to CAMMERMEYER [13], still one 
of the most difficult tasks in human pathological material. Although lipo-
fuscin is a pigment dissolved in fat, it does not follow that all fat of the 
nervous system is lipofuscin. Sudan-staining material can be assumed to be 
lipofuscin only if pigment can be demonstrated after fat extraction, e.g., in 
Nissl preparation of paraffin-embedded material [13]. In describing lipo-
fuscin in nervous tissue, ALTSCHUL [2] referred to two types of substance, 
one a fatty material and the other a pigmented material; the fatty material 
was most abundant in the early stages of hfe and decreased or disappeared 
with age, while pigmented material was present in small amounts early and 
increased with age. On the basis of an electron microscopical study, SAMO-
fj p f-
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Table I. Demonstration of lipofuscin-like pigment under different conditions 
Species Experimental Technique Authors 
condition or time-
sequence studies 
Spinal ganglion 
Gracile and 
cuneate nuclei 
Spinal ganglion 
Nodose ganglion 
Spinal cord 
Cerebrum 
Cerebral cortex 
Central nervous 
system 
Dorsal-root 
ganglion 
Lateral geniculate 
body 
Brain 
Motor cortex 
Nervous system 
rat 
rat 
rat 
rat 
mice 
human 
human 
rats 
rats 
monkey 
guinea pigs 
human 
mice 
vitamin E 
deficiency 
vitamin E 
deficiency 
acetanilid feeding 
ACTH injections 
tetanus toxin 
juvenile lipoidosis 
Tay-Sachs 
disease 
perchlorperazine 
sciatic nerve 
crush 
eye enucleation 
physiological aging 
physiological aging 
aging 
Sudan black 
electron 
microscopy 
PAS method 
Sudan black 
electron 
microscopy 
electron 
microscopy 
and bio-
chemical 
electron 
microscopy 
electron 
microscopy 
electron 
microscopy 
electron 
microscopy 
thionin stain 
cresyl violet 
Sudan black 
electron 
microscopy 
SuLKiN and 
SRIVANIJ [72] 
LAMPERT et al. 
[45] 
SuLKiN and 
SRIVANIJ [72] 
SuLKiN and 
SRIVANIJ [72] 
ZACKS and SHEFF 
[83] 
GoNATAs et al. 
[31] 
WALLACE et al. 
[79] 
RoiziN [61] 
MACKEY et al. 
[48] 
GLEES et al. [28] 
WILCOX [81] 
VoGT and VOOT 
[78] 
SAMORAJSKY 
et al. [62] 
RAJSKi et al. [63] have shown that the pigment granules in ventral-horn and 
dorsal-root ganglion cells of mice conform to two basic distribution pat-
terns. They are either randomly dispersed when the granules are small 
(about 1 fim in diameter) or arranged in clusters when the granules are 
larger (about 3 fj.m). Whereas KUO-TCHANG [44] identified two morphological 
uiit) 
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types of pigments in monkey pyramidal cells, WHITEFORD and GETTY [80] 
could distinguish 4 different phases of distribution of lipofuscin in canine 
and porcine brains. As a general rule, they observed disseminated pigment 
distribution in younger and perinuclear and polar aggregations in older 
animals. MIYAGISHI et al. [51], on the other hand, classify lipofuscin into the 
following 4 morphological types: 
Type 1 = granular Type 2 = homogenous 
{ 1+2 
Type 3 = lamellated Type 4 = compound \ 1+3 
[ 2 + 3 
Recently, NANDY [53], using neurohistological, histochemical and fluor-
escence microscopy, has clearly identified two definite types of lipofuscin 
pigments. The type predominant in young mice was more easily stained 
with Sudan black B and PAS techniques, had a greenish yellow auto-
fluorescence (emission spectrum 2,300-4,200 A), and was generally scattered 
in the neuronal cytoplasm. On the other hand, the type more frequently 
encountered in older animals was easily stained by Nile-blue and ferric 
ferricyanide methods, was deposited in clumps (perinuclear or polar), and 
had a golden yellow autofluorescence (emission spectrum 3,000-4,000 A). 
NANDY [53] suggests that the two types of lipofuscin found in the neurons 
of young and old mice might be considered as early and late stages in its 
formation. He succeeded in differentiating another type of pigment in 
vitamin E-deprived mice; it appeared to be heterogenous in nature and did 
not conform to either the early or late form of lipofuscin. 
BRAAK [9] has demonstrated two different types of pigments in the human 
olivary nucleus and nucleus dentatus. Differences in shape, diameter and 
composition have been observed on the basis of neurohistological, histo-
chemical, and electron-microscopic study of human brains. A few morpho-
logical patterns observed in our laboratoryi are shown in figure 1. 
Regional Differences and the Time Sequence of Appearance of the Pigment 
According to VOGT and Voox [78], the sequence of morphological age-
associated changes is characteristically different for each cell type. The 
deposition of lipofuscin in the different parts of the nervous system does not 
occur at the same time and with the same intensity, but follows regional 
1 For details of 'material and method', see ref. 28. 
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differences. WILCOX [81] followed the pattern and temporal sequence of 
pigmentation in the different regions of aged guinea-pigs. Its first appearance 
was recognizable in a few neurones of the mesencephalic nucleus of the 
trigeminal nerve in guinea-pigs of 650 days. Further, the pigment appeared 
in the cells of the motor nuclei of cranial nerves III, IV, V, VI, VII and XII, 
and in the vestibular nuclei at 3 years of age. By 4 years of age, it was found 
in all cells of these nuclei [81]. Later on, in the 5th year of life, lipofuscin 
appeared in nucleus solitarius, the main sensory trigeminal nucleus and the 
nucleus of the spinal tract of the trigeminal nerve. The cells of cochlear 
nuclei of even the oldest animals, however, failed to show any evidence of 
pigmentation [81]. Basing her observations on serial sections of some 500 
human brains of Vogts' collection at the Institute of Brain Research at 
Neustadt (Germany), BUTTLAR-BRENTANO [12] found no evidence of 
pigmentation in the cells of the hypothalamus, in particular in nucleus 
supraopticus and nucleus paraventriculus. Similarly, WHITEFORD and 
GETTY [80] reported that the dorsal nucleus of the vagus of dog and hog was 
pigment-free at all ages. They concluded that the pigment appeared at 
approximately the same time in the same nucleus of different animals, but 
that the time of appearance varied between the nuclei of the same animal. 
The appearance of lipofuscin in different nuclear regions at different time 
intervals has also been described by REICHEL et al. [60]. Basing his observa-
tions on a study of 47 species of vertebrates. DAY AN [17] arrived at the 
conclusion that the amount of lipofuscin increases with age and is distributed 
in a highly selective fashion in the brain. More recently, BRAAK [9] has 
proposed an embracing term - the 'pigment-architectonic' of the brain -
on the basis of the characteristic arrangement of pigment particles in dif-
ferent cell groups. 
Lipofuscin, a Waste Product or Useful Substance? 
Wide divergence of opinion exists on this subject. SCHAFER [65] inter-
preted the pigmentation as a sign of functional activity rather than decad-
ence, since the pigments were much more abundant in the nerve cells of the 
adults as compared with nerve cells of the child and of lower animals. 
DoLLEY and GUTHERIE [18], on the other hand, held that pigment in nerve 
cells is not a product of normal or hypernormal functional activity, but is 
produced by functional depression of some duration. They further stated 
that while pigment is characteristic of senility, it is because, in the duality 
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of senility (i.e., senility of function and senility of depression), the factor of 
depression is almost inevitable in an organism. However, ALTSCHUL [2] 
considered it equally logical to treat lipofuscin as a useful material which is 
not sufficiently utilized as a result of decreased activity of the cells. It is not, 
then, the cause of insufficient cells, but more a result and indicator of the 
degree of insufficiency. The more active the cell, the less chance there is, 
perhaps, for lipofuscin accumulation. According to WILCOX [81], cells that 
undergo inactivity will be more apt to become pigmented than those that are 
continuously active or nearly so. 
The plausibility of this idea can be demonstrated in the time sequence of 
pigmentation in the cranial nerve nuclei of guinea-pig [81]. The earliest 
pigmentation has been reported to be in the mesencephalic nucleus of the 
trigeminal nerve, the activity of which is less than that of the somatic and 
branchiomeric nuclei. Exteroceptive sensory nuclei are more constantly 
fired and consequently slower in becoming pigmented. The observations in 
our laboratory on lateral geniculate neurones of blinded monkeys [28] 
support this view in yet another way. An increase in the number of osmio-
philic bodies' was noted in the electron micrographs of geniculate neurones 
de-afferentiated by eye enucleation. Further, it is tempting to draw a parallel 
between the increase in the pigment and the cell loss which has been reported 
both in the de-afferentiated lateral geniculate body [27,29] and in the nervous 
system of the aged [11, 82]. Degenerative changes in the nerve cells of various 
parts of the human brain have been extensively described by VOGT and VOGT 
[78]. However, the role of progressive accumulation of lipofuscin pigment in 
the ultimate loss of post-mitotic cells has yet not been worked out [64]. Bio-
chemically, the increase in pigment concentration with age, the partial solu-
bility in lipid solvents and the resistance to acid hydrolysis may represent an 
accumulation of inert waste products [7]. However, the observation of 
pigments in young subjects, the reported effects of diet, radiation and 
chemical agents on the rate of accumulation, the occurrence of lipofuscin in 
certain pathologic states, and, finally, the presence of large concentrations 
Fig. 1. Electron micrographs showing: a Part of a lateral geniculate neurone (N) 
near a capillary (C); 3 lipofuscin granules of homogenous electron density and well-pre-
served Golgi (G) complex seen, x 9,350. b Lipofuscin granule, regular outline. Note the 
electron-luscent area in an otherwise electron-dense granule, x 16,200. c Irregular lipo-
fuscin granule, containing electron-luscent zone (arrow), x 18,900. d Part of lateral 
geniculate perikaryon, showing profiles of uniformly electron-dense lipofuscin granules 
of varied size and shape, and mitochondria (M). x 11,450. e Lipofuscin profiles, showing 
prominent granules and electron-luscent area (arrow), x 21,600. 
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of the pigments in the brain and heart, without a clearly demonstrable loss 
of specific functions, have suggested a possible compensatory storage func-
tion without adverse effect on cellular metabolism. Since micromethods 
have not yet been used for correlating changes in the biochemistry of 
individual cells with their lipofuscin content, the two alternate biochemical 
consequences resulting from pigment accumulation have not been evaluated 
[64]. 
Origin(s) of Lipofuscin 
DoLLEY and GuTHERiE [18] considered that the chromidial substance 
extruded from the nucleus during state of functional depression is trans-
formed into lipofuscin granules. This hypothesis has, so far, not been 
substantiated. An attempt to correlate pigment deposition with neuro-
fibrillar degeneration was made by SosA [68], who suggested that the course 
of change runs parallel with the accumulation of lipofuscin. The recent 
electron microscopic and histochemical studies, however, identify lipo-
fuscin granules with more specific ultrastructural as well as metabolic 
constituents in the cytoplasm, such as the Golgi apparatus, endoplasmic 
reticulum, mitochondria or lysosomes (see table II). 
Golgi Apparatus 
The sudanophilia and osmophilia of the Golgi apparatus and its morpho-
logical relationship with the pigment granules tempted a number of in-
vestigators (table II) to consider it as the site of origin of lipofuscin pigment. 
Furthermore, the Golgi apparatus tends to fragment with age. BONDAREFF 
[8], on the basis of an electron microscopic study, strongly favoured such a 
hypothesis. Recently, SEKHON et al. [66] have demonstrated vacuolated pig-
ment granules in the vicinity of the Golgi apparatus. However, the occur-
rence of pigment granules in close proximity to a vacuole does not neces-
sarily mean that the pigment is derived from it. 
Endoplasmic Reticulum 
The location of lipofuscin in relation to the cross-striations of cardiac 
muscle prompted STREHLER [70] to associate lipofuscin with the endoplasmic 
reticulum, for a strongly positive RNA reaction occurs in the lipofuscin 
granules; this is eliminated by pretreatment with ribonuclease. 
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Cytoplasmic organelles Authors 
Intracellular neural fibrils 
Golgi apparatus 
Endoplasmic reticulum 
Mitochondria 
Lysosomes 
SosA [68] 
GATENBY and MOUSSA [25], GATENBY [24], HEIDENREICH 
and SiEBERT [32], DALTON and FELIX [16], DALTON [15], 
BONDAREFF [8] 
ISSIDORIDES and SHANKLIN [40], STREHLER [70], NOVIKOFF 
[56] 
PAYNE [58], HESS [35], DUNCAN et al. [20], ANDREW [3], 
GHOSH et al. [26], LANIPERT et al. [45], ROIZIN [61], SLUGA 
and MAJDETZKI [67], TAKAHASHI et al. [73], MIQUEL [50] 
ESSNER and NOVIKOFF [21], NOVIKOFF [55, 56], GONATAS 
et al. [31], KOENIG [42], SAMORAJSKI et al. [62], ALEXAN-
DRowsKAJA [1], BERGENER and GERHARD [4], GOLDFISCHER 
et al. [30], MiYAGiSHi et al. [51], SEKHON et al. [66], HIRSCH 
[36], PILGRIM [59]. 
It has been claimed that the amount of pigment demonstrable is roughly 
proportional to the total amount of ribonucleic acid nucleoprotein and that 
there is some correlation between these two cytochemical events [1st Round-
Table Discussion, in ref. 5]. Recently, HERMAN et al. [34] have reported a 
marked loss of free ribosomes and granular endoplasmic reticulum and 
increased cytoplasmic lipids in the neurons of aged Drosophila melanogaster. 
However, convincing evidence, tracing the origin of lipofuscin from endo-
plasmic reticulum, is still lacking. 
Lysosomes 
A substantial majority of workers favours a lysosomal origin of lipo-
fuscin (see table II). The chief characteristics of lysosomes -i .e. , cytoplasmic 
organelles, 0.4-1.0 fim in dimension, single delimiting membrane, acid 
phosphatase activity - are similar to that of lipofuscin. Membrane structural 
similarities of lipofuscin and lysosomes and the increasing ultrastructural 
complexity and vacuolization of lipofuscin with advancing age [63] suggest a 
lysosomal derivation of the age pigment. GONATAS et al. [31], studying 
cerebral biopsy material obtained from a case of juvenile lipoidosis, have 
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b) Relative merits of difTeient views on the origin(s) of lipofuscin 
Cytoplasmic 
organelles 
Arguments in favour Arguments against 
Intracellular course of neurofibrillar degeneration 
neurofibrils runs parallel with pigment deposition, 
particularly in senile plaques of 
Alzheimer's disease 
Golgi apparatus sudanophilia and osmophilia; 
morphological relationship between 
Golgi apparatus and lipofuscin; 
Golgi apparatus tends to fragment 
with age 
Endoplasmic 
reticulum 
Mitochondria 
Lysosomes 
anatomical findings of location of 
pigment in relation to cross-striations 
of cardiac muscle; strong positive 
reaction for RNA in lipofuscin 
(1) correlation of mitochondrial 
alteration with pigmentation 
(2) pigment formation in intimate 
relation to swollen mitochondria 
(3) pigment masses within mitochondria 
(1) similarity in fine structure 
(2) mutual possession of specific 
hydrolytic enzymes 
(3) SAMORAJSKI et al. [63] demonstrated 
sequence of formation from lysosome 
paucity of correlative data 
failed to establish a 
mechanism for pigment 
formation; merely spatial 
proximity not enough to 
prove derivation of pigment 
from Golgi apparatus 
the sequence of events leading 
to formation of the pigment 
not clearly established 
lipofusion delimited by single 
membrane and not by the 
double membrane of 
mitochondria 
enzyme assay of purified age 
pigment does not suggest 
lysosomal origin 
reported a number of membrano-vesicular bodies, compound bodies 
(containing lipofuscin and membrano-vesicular bodies, combined in a single 
unit and bound by a single membrane), lysosome-like bodies and lipofuscin 
granules. They concluded that these morphological units represented a 
chain of chemical and structural transformations which end in the forma-
tion of a lipofuscin body. The fact that the lipopigment, in its process of 
formation, has various internal structures indicates that the chemical 
component of this pigment is by no means of a solitary nature. Most pro-
bably, one important thing that all types of pigments have in common is a 
large quantity of unsaturated fatty substances and proteins as their compo-
nent. MiYAGiSHi et al. [51] are of the opinion that pigment formation begins 
with the increasing deposition of osmiophilic, finely granular and lipid-
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containing materials in cytoplasm, and that the lysosomes have important 
' significance for the intermediate stage on the way to completion of the pig-
ment. The views correlating lipofuscin to lysosomes are based on the asso-
ciation of acid phosphatases and other acid hydrolases with lipofuscin 
granules. All these studies rely on staining-reactions to reveal fine localiza-
tion of enzyme activity in or on the granules, either by light or electron 
microscopy. On the other hand, lipofuscin granules obtained in bulk from 
heart muscle by the centrifugation technique [33] failed to show the expected 
enrichment in acid phosphatase activity. NOVIKOFF [55] has suggested that 
damage to enzymes might have occurred as a result of lipofuscin formation 
by a mechanism involving the release of free radicals during the peroxidation 
reactions that transform lipid residues into fluorescence pigment. No such 
damage was, however, revealed by a study carried out by HIRSCH [36]. 
^GerV Complex 
The origin of lysosomes from the Golgi apparatus has been claimed by 
NOVIKOFF [56] on the basis of his combined histochemical and electron 
microscopical observations in nerve cells. He has described a so-called 
Gerl complex which represents Golgi apparatus-endoplasmic reticulum-
lysosome. According to this hypothesis, the lipofuscin pigment may be form-
ed as a result of a chain of activity in Golgi apparatus, endoplasmic reti-
culum and lysosomes. 
Mitochondria 
The role of mitochondria in the formation of lipofuscin pigment has 
been much disputed. PAYNE [58] correlated mitochondrial alterations with 
increased pigment accumulation in advancing age and suggested that lipo-
fuscin was derived from mitochondrial alterations or degeneration. Electron 
micrographs presented by HESS [35] substantiated this view, demonstrating 
that pigment formation occurred in intimate relation with swollen mito-
chondria. DUNCAN et al. [20] further supplemented this contention on the 
basis of their observations on the dorsal-root ganglia of mice. 
Although a degeneration of mitochondria was also detected by MIYA-
GiSHi et al. [51], they nevertheless maintained that there was nothing to 
confirm the opinion that the pigment bodies generate from mitochondria, 
as reported by HESS [35]. It was, however, conceded that mitochondrial 
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Fig. 2. Electron micrograph exhibiting a well-defined, rounded, osmiophilic body 
(arrow) within a mitochondrion (M). L = lipofuscin; N = nucleus, x 34,000. 
degeneration played a certain role, from the enzymological point of view, in 
pigment formation [51]. 
SAMORAJSKI et al. [62] are rightly critical of such structural criteria as 
spatial proximity, utilised by some workers to hypothesize the origin of 
lipofuscin from a particular cell organelle. However, it is interesting to note 
that DUNCAN et al. [20] have clearly shown pigment masses with delimiting 
membranes within peripheral portions of mitochondria. GHOSH et al. [26], 
investigating neurosecretion in birds, have also presented electron micro-
graphic evidence of an intramitochondrial origin of lipofuscin. Further-
more, an osmiophilic body, limited by a single membrane, has been clearly 
demonstrated within a mitochondrion in a lateral geniculate neurone of 
rhesus monkey by GLEES et al. [28] (fig. 2). Thus, the objection of BONDAREFF 
[8], refuting a mitochondrial origin of age pigment on the basis that the 
pigment-associated vacuole is delimited by a single membrane - not the 
double membrane of mitochondria - appears meaningless. TOTH [75] pointed 
out that the enzyme complements of lipofuscin and mitochondria contradict 
a mitochondrial origin of age pigment. This doubt has recently been clarified 
by the histochemical study of NANDY [53], who has demonstrated succinic 
dehydrogenase and cytochrome oxidase activity in the lipofuscin pigment. 
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Fig. 3. Diagrammatic representation of the different views regarding the genesis of 
lipofuscin (top-half), together with the unified concept of the origin of lipofuscin (bottom-
half). er=endoplasmic reticulum; G = Golgi apparatus; Lip = Iipofuscin; Ly=lysosome; 
M = mitochondria; Nucl = nucleus. 
Moreover, the isolated preparation of lipofuscin from bovine and human 
hearts contained small amounts of both lysosomal (acid phosphatase and 
cathepsin) and mitochondrial (succinic dehydrogenase and cytochrome 
oxidase) enzymes [33]. 
The various opinions mentioned above have one thing in common: 
namely, the search for the origin of pigment body from various cell organ-
elles. An appealing possibility which emerges is that the lipofuscin pigment 
may not specifically originate from a single cell organelle. It might be reason-
able to surmise that a chain of activity," starting in the vicinity of the 
nucleus - perhaps linked with DNA-RNA turnover - and associating 
Golgi apparatus, endoplasmic reticulum, lysosomes and mitochondria, 
causes the ultimate deposition of lipofuscin pigment in the cytoplasm 
(fig. 3). 
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Pigment Formation following Traumatic Lesion 
A correlation of enzymic activity, functional activity and deposition of 
lipofuscin was suggested by the decrease of both enzyme activity and lipo-
fuscin in alternate layers of'Geniculate Body', following removal of one eye 
[23]. On the other hand, increased formation of lipofuscin pigment after 
neurotraumatization has been reported by HUTTNER et al. [39] and KERENYI 
et al. [41]. The experimental traumatic lesion caused a decrease in lysosomal 
enzymic activity, parallel with an increase in lipofuscin deposition. The 
formation of pigment bodies may occur quite early following retrograde 
traumatic lesion. Within 3 days of limb amputation in salamanders, LENTZ 
[47] observed unequivocal deposition of lipofuscin, together with the 
appearance of giant mitochondria. The pigment granules, however, gradually 
decreased in number with time. Various types of osmiophilic bodies and 
mitochondrial alterations were reported by GLEES et al. [28] in the lateral 
geniculate body of rhesus monkeys following eye enucleation. It appears 
probable that the cell injury does trigger off a series of events, culminating 
in pigment deposition. 
Drug-Induced Diminution of Lipofuscin 
A striking decrease of lipofuscin granules in the guinea-pig neurones was 
observed by NANDY and BOURNE [54] after a 4- to 8-week treatment with 
ANP-235 (centrophenoxine). Observations after varying periods of treat-
ment with the drug showed the pigments to occupy smaller and smaller 
areas in the cytoplasm, as if gradually shrinking away. Later on, NANDY [52] 
reported characteristic enzymic alterations in the neurones, following centro-
phenoxine administration, and hinted at a possible correlation with the 
reduction in lipofuscin granules. 
These findings were later confirmed by the histological studies of CHEM-
NiTius et al. [14], who demonstrated a decrease in the lipofuscin content of 
the neurones of nucleus gigantocellularis of the rat following centrophenox-
ine administration. MEIER and GLEES [49] investigated the effect of centro-
phenoxine on the lipofuscin content of the spinal ganglia of senile rats by a 
combined histochemical and electron-microscopical study. Vacuolisation of 
lipofuscin granules and an obvious diminution in the intensity of pigmenta-
tion was clearly discernible after an 8-week treatment with centrophenoxine. 
Recently, kavain and magnesium orotate have been reported to prevent the 
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deposition of lipofuscin [76]. Whether the various antioxidant therapies 
which have been used to influence the rate of ageing in mice and rats also 
affect lipofuscinosis in humans is yet to be ascertained. The fascinating 
subject of chemical interference with ageing has recently been exhaustively 
reviewed by KORMENDY and BENDER [43]. 
Lipofuscin Deposition in some Common Diseases 
Massive intraneuronal deposition of lipofuscin has been commonly 
observed in amaurotic familial idiocy [19]. ZEMAN and DYKEN [85] have 
suggested a simple classification of this disorder into the following two 
broad categories: 
(1) The gangliosidosis. 
(2) The neuronal-ceroid-lipofuscinosis. 
Gangliosidosis is usually ascribed to a genetically-controlled deficiency of 
lysosomal enzymes and conforms to the concept of inborn lysosomal dis-
ease. Tay-Sachs disease is the most frequent form of gangliosidosis. 
The pathogenesis of neuronal-ceroid-lipofuscinosis is, as yet, not clearly 
understood. The diagnosis is usually based on the morphological demonstra-
tion of excessive amounts of autofluorescent pigment in the neuronal 
perikarya, accompanied by diffuse loss of neurones and atrophy of the brain 
[84]. 
The feasibility of utilising the neuronal-ceroid-lipofuscinosis (Batten-
Vogt syndrome) as a model for human ageing has been recently discussed 
by DOUGLAS-WILSON [19] and ZEMAN [84]. This 'new line on age pigment' 
has opened up the possibility of using antioxidants and pigment-mobilising 
drugs in the lipofuscinosis. For animal experiments, reports on a hereditary 
central nervous system defect exhibiting lipofuscin pigment in the neurones 
of young mice [57] and an analogous genetic abnormality in dog [19] are 
available and could be investigated further to clarify the mechanism of 
lipofuscin deposition, as well as for the biological assay of the effect of 
drugs thereon. 
Conclusion 
Thus, it is not inconceivable that the procurement of sufficient data 
concerning alterations with age in the nervous system may result in the 
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discovery of preventive measures which will alleviate much of the discomfort 
of the aged. In spite of some significant recent contributions, much progress 
has still to be made in the elucidation of the following intriguing aspects of 
lipofuscin research: 
(1) What are the implications of lipofuscin accumulation for cellular 
metabolism? Is it a waste product or a useful substance for the cell? 
(2) What is the role, if any, of the progressive accumulation of lipofuscin 
in the ultimate loss of post-mitotic cell? 
(3) Isolation and chemical analysis of the neuronal lipofuscin. 
(4) Are there different types of lipofuscin in the different regions of the 
body? 
(5) What is the exact mechanism of formation of lipofuscin in ageing and 
under different experimental conditions, such as traumatic lesions, hypoxia, 
vitamin E deficiency, ACTH injections, acetanilid administration, etc. ? 
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Since MINKOWSKI'S (1913) early investigations, the problem of transneuronal 
atrophy has attracted the attention of a number of investigators but so far its 
cytological sequence remains ill-understood (see review GLEES et al., 1967). 
Advance in electronmicroscopy has raised hope of closing some of the gaps but 
like in lightmioroscopy adequate information on the ultrastructural alterations 
of the later stages of cell atrophy is, however, singularly lacking. For this reason 
the concluding remark by GLEES (1961): "It would be interesting to establish at 
what stage and by what process a cell loss occurs" is still valid to some extent. 
We believe that experiments carried out for the last 2 years and reported below, 
will shed some light on the nature of transneuronal atrophy. 
Material and Method 
While 3 healthy monkeys were used as "normal control", unilateral eye-enucleation was 
performed in 10 monkeys (macaca nemestrina). Following difficulties in a reliable locali-
zation of the 3 atrophic layers among 3 normal cell layers under the electron microscope, 
bilateral enucleation Avas done in 4 monkeys to cause atrophy in all layers. After a post-
operative survival period of 6 to 443 days, the animals were perfused with buffered glutar-
aldehydc (SABATINI et al., 1963). The lateral geniculate bodies were dissected out and post-
fixed in Dalton's OSO4. The material was treated with uranyl acetate and phosphotungstic 
•Bcid, embedded in Vestopal W and the sections were obtained on an LKB ultratome. Zeiss 
EM 9 electron microscope was used for the examination of the material. 
Observation 
The light microscopical findings (GLEES, 1961; MATTHEWS, 1964) were con-
firmed. In many cases the cell cytoplasm was reduced to a narrow perinuclear 
rim and the nucleus revealed a number of indentations or infoldings (Fig. 1). Ex-
treme degree of cell shrinkage and vacuolization, observed in some neurones, 
deserves special mention. In such neurones the cell-size was reduced, in one case 
up to 8 (x in the longest diametre and 2.5 (x as the maximum breadth (Fig. 2). 
The cytoplasm was studded with a largo number of rounded to oval profiles. 
Some large spaces with irregular boundaries were observed. Altered mitochondria 
and scattered ribosomes were discernible (Fig. 2 and 3). A multilamellated osmio-
philic body was seen in the cytoplasm (Fig. 3) together with irregularly deposited 
osmiophilic material. 
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Discussion 
How the degenerative process crosses the synapse to affect the geniculate 
neurones is, as yet, not clearly understood. We are here concerned with the ultra-
structure of the nerve cells in the lateral geniculate nucleus, following long-
standing blindness. I t is well known from the light microscopical observations 
24* 
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(GoLVBY, 1957, Gii.ES, 196] , MATTHEWS, 1964) tliat a Joss, of Nishl granules 
occurs in transneuronal atrophy This process begins a few days after the inter-
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ruption of the optic afferents, for the neurones involved stain less distinctly with 
Nissl dyes than normal geniculate cells of intact layers. The general biochemical 
implication of this early process has recently been discussed (GLEES, 1965). This 
reduction h\ Nissl granules is, however, fundamentally different from tha t seen 
in chromatolysis after axonal injury. In chromatolysis a resynthesis of organized 
E R or Nissl substance after a dissolution of Nissl bodies occurs. Moreover, in the 
recovery phase the amount of free ribosomes increases until normal conditions 
are restored. In transneuronal atrophy, there occurs a progressive loss of cell 
organelles and no recovery phase or restoration of the ribosomes has been recorded. 
On the contrary, in the later stages the cytoplasm is studded with a large number 
of vacuoles and empty spaces, the mitochondria disintegrate and in the extreme 
cases only a few scattered ribosomes and altered mitochondria have been ob-
served. At this stage, it is difficult to elaborate upon the pathogenesis of honey-
comb-like appearance of the atrophic neurones. Under quite diiferent circumstances, 
RoTZiN" et al. (1962) have reported the occurence of lysosome-like vacuoles and 
enlargement of the cysternae of the ergastoplasm in the X-irradiated embryo rat . 
I t can be reasonably inferred tha t cell-autolysis is in progress. The loss of cell 
organelles and vacuolization precedes the final disappearance of the neurone or 
may well lead to the ultimate cell loss. No evidence of the phagocytosis of atrophic 
neurones could be detected. On the contrary ghal reaction in the immediate 
vicinity of such neurones was conspicuous by its absence. In the light of the 
current state of our knowledge, the only safe conclusion to draw is tha t the 
intrinsic loss of cell organelles precedes cell-loss, leaving the question of how it 
occurs open to future investigations. 
Summary 
Electron microscopical observations on the trans-neuronal atrophy in the 
lateral geniculate neurones of the monkey are presented. Cytoplasmic shrinkage 
and folding of nuclear membrane has been observed. In the later stages most 
of the cell contents disappear leaving empty spaces with irregular boundaries 
and a large number of vacuoles are seen. The findings have been discussed, elabo-
rating the difference between the loss of Nissl granules in classical chromatolysis 
and in the present case. 
Zusammenfassung 
Es wurde eiae elektronenoptische Untersuchung iibcr die Cytologic der trans-
neuronalen Atrophic an CGL-Neuronen des Affen durchgefiihrt. Eine Schrumpfung 
des Cytoplasmas und eine Faltelung der Kernmembran zeigt sich in friihen Sta-
dien. In den Spatstadien geht der HauptteU der Zellorganellen verloren und nur 
leere, unregelmaBig begronzte Raume und eine Vielzahl von Vacuolen sind sicht-
bar. Die cytologischen Unterschiede zwisohen der Chromatolyse und transneuro-
nalor (trans-synaptischer) Atrophic wcrden gegentibergestellt. 
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Altersveranderungen im Corpus mamillare 
Eine elektronen-mikroskopische Studie 
Von M. Hasan''') und P. Glees 
Mit 5 Abbildungen 
(Eingegangen am lO.Marz 1972) 
Einleitung 
Das Corpus mamillare — eine Zellstation des limbischen Systems — bildet topo-
graphisdi den kaudalen Abschlufi des Hypothalamus und empfangt etwa 75*/o der 
efferenten Fornixfasern des Hippocampus {Glees und Griffith, 1952). Uber die 
Funktion des Corpus mamillare war man lange Zeit vollig im Ungewissen. Eine 
grundsatzliche neue Vorstellung leitete Gamper (1928) ein. Er entdeckte, dafi bei 
dem Korsakow-Syndrom der cbronisdien Alkoholiker das Corpus mamillare von 
erheblichen Abbauvorgangen betroffen war. Weitere Falle von Korsakow-Syndrom 
nach doppelseitiger Zerstorung der Corpora mamillaria wurden von Adams (1962), 
Brouwer (1950), Delay, Brian und Ellisalde (1950), Griinthal (1939), Orthner und 
Retthnger (1965) und Ule (1958) beriditet. In einem Fall von Korsakow-Syndtom 
fand Griinthal (1939) den volligen, isolierten Schwund der Corpora mamillaria. 
Kaada et al. (1961) machten Irrgartenversudie mit einigen Ratten, denen die 
Corpora mamillaria entfernt worden waren und stellten ein signifikantes Defizit 
des Erlernten fest. 
Eine Abnahme des Lern- und Erinnerungsvermogens mit zunehmendem Alter ist 
im allgemeinen anerkannt. Jedoch gibt es noch wenige tierexperimentelle Befunde, 
die diese Annahme stiitzen. Es gelang Mc-Dougall-Verzdr (1957) einen betracht-
lichen Verlust an Lern- und Erinnerungsvermogen der alten Ratten festzustellen. 
Zahlreidie Lern- und Erinnerungsversuche mit jungen und alten Tieren in einem 
T-Labyrinth wurden durchgefiihrt. Ratten im Alter von 12—18 Monaten lernten 
schlechter und noch wesentlich schlechter die 20—24 Monate alten Tiere. Es ist 
bemerkenswert, dafi es in jeder Altersgruppe einzelne Individuen gab, die sehr 
leicht lernten. Aber die Zahl der schlechtlernenden Tiere war wesentlich hoher in der 
alten Gruppe {Verzar 1965). Die Area praecentrails granularis von einigen dieser 
Ratten wurde histologisch untersucht (Gdmori 1959). Es liel? sich eine deutliche 
Abnahme der Zahl und des Volumens der Ganglienzellen bei jenen Tieren fest-
stellen, die ein schlechtes Erinnerungsvermogen batten {Gdmori 1959). Im Zu-
sammenhang mit den oben erwahnten Ergebnissen war es bedeutsam, dafi Corpus 
"•) Dozenten-Stipendiat der Alexander von Humboldt-Stiftung, beurlaubt vom J. N. 
Medical College, Aligarh, Indien. 
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mamil lare der jungen und a k e n R a t t e n elektronen-optisch zu untersuchen, um sich 
daruber k larzuwerden, ob sicb femstrukturel le Vcranderungen im Corpus mamil la re 
mit zunehmendem Alter erkennen lassen 
Material und Methoden 
Es wurden 24 weifie Laboratonumsratten im Alter von 4 bii 42 Monaten (15 Ratten 
von 4 bis 12 Monaten und 9 Ratten von 24 bis 42 Monaten) mit Nembutal narkotisiert 
und deren Gehirne durch Perfusion, in vivo, mit einem phosphatgepufferten Paraformal-
Abb 1 Profile drcier Neurone des MamiUsrkompiexLS ciner Smonatigen alten Ratte Lipofuszin 
ist nodi nicht vorhanden Verg 17,150 X 
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dehyd-Glutaraldehydgemisch fixiert. Klcine Stiickchen von dem herauspraparicrten medialen 
Anteil des Mamillar-Komplexes (die beiden Corpora mamillaria der Ratten sind 7usammen 
verschmolzen und bilden aufierlich gesehen einen medianen Wulst, den Zeman und Innes 
(1963) als Mamillai-Komplcx be/eichnen) wurden in phosphatgepufferten 1 % gem. 
Os O4 nachfixiert und nach Dehydnerung in einer aufsteigenden Acetonreihe in Vestopal-W 
emgebettet. Enic Kontrastierung erfolgte durch Uranylacetat und Phosphorwolframsaure 
wahrend der Entwasserung am Block. Das Material wurde mit Bleicitrat (nach Reynold 
1963) nachkontiastiert und am Zeiss EM 9 A Elektronenmikroskop untersucht. 
Befunde 
Vcrsuchsmatenal: Rat ten im Alter bis zu 12 Monaten 
Der Komplex der Mamil la re — msbesondere der Nucleus mediale — wird von 
einer einheitlichen Popula t ion mittelgrofier Nervenzel len aufgebaut. Die Kerne 
zeigen ein auffalliges Nucleolus und eine diffuse Anordnung des Chromat ins . Ein-
stulpungen der Kernmembran sind an einigen Stellen zu sehen. Im Per ikaryon 
befindcn sich. haufig deutllche Ergastoplasmabezirke und Ribosomen-Roset ten 
(Abb. 1). Der Golg i -Appara t laf^t keinerlei Besonderheiten erkennen. H ie r und da 
?tr 
Abb. 2. Aussdinitt aus dem Mamillarkomplex einer 4 Monate alten Ratte. Profile eines Neurons 
und eines Oligodendrozyten, die keine Lipofuszingranula enthalten. Vergr. 17,150 X. 
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findet man klelne osmiophile Korperchen (Lysosomen), die sich in 12 Monate alten 
Tieren wesentlich leichter darstellen lassen. Die Mitochondrien — vorwiegend vom 
Crista-Typus, sind im Zytoplasma verteilt. Im bisher untersuchten Material wurden 
axo-somatische Synapsen nicht haufig beobachtet, aber es sind viele axodendri-
tisdie Synapsen im Neuropil vorhanden. Satellitenzellen wie Oligodendroglia 
(Abb. 2) und normal erscheinende Astrozyten sind zu sehen. Lipofuszin-Pigment-
korperchen sind in den jiingeren Tieren (4—8 Monate) kaum zu erkennen. Ab und 
zu findet man lipofuszinahnliche Korperchen in 1 Jahr alten Tieren. 
Abb. 3 MamiUar-Ncuron cincr 26 Monate alten Ratte. Zu beaditen ist die pcrinucleare Anordnung 
des Lipofus7ins und cin ausgepragter Golgi-Apparat. Vergr. 25,500 X, 
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Abb 4a und 4b Lcgende s Scite 150 
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Abb 4 (a, b, c). Stark vergroI5ertc Anschnittc dcr Lipofus/Ingranula Beatlncnswcrt ist die untcr-
schicdliche Flektronendichte. AufhcUungen durdi Pfelle markiert. Rattc 42 Monatc alt. Vcigr. 
a = 102,000 X, b = 111,000 X, c = 93,000 X. 
Versuchsmaterial: Ratten im Alter • 24 bis zu 42 Monaten 
Auffallig sind die Lipofuszin-Pigmentgranula, die regelmaRig im Perikaryon 
zu finden sind. Sie erscheinen als unregelmafiige, teils kornige, feingranulare, teils 
homogene, osmiophile Gebilde verschiedener Grofie, die meistens nebeneinander 
angeordnet sind (Abb. 3). Bei alteren Tieren ist die elektronenoptische Dichte unter-
schiedlich, teils dicht granular, teils fleckenartig aufgehellt (Abb. 4). Ein ausgepragter 
Golgi-Apparat und Mitochondrien unterschledlicher Grofie befanden sich meistens 
in der Nahe der Kernmembran, wo auch die Lipofuszingranula haufiger zu sehen 
sind. An einigen Stellen kann man eine Verzweigung des Ergastoplasmas beob-
achten. Die Doppelmembran des Kernes Ijifit sich deutlich erkennen. Gelegentlich 
wurde ein stark eingefalteter Kern in Zellen der 42 Monate alten Ratten beobachtet 
(Abb. 5). Die Chromatingranula sind regelmafiig im Kern verteilt und zeigen 
keinerlei Anhaufungen. Eine Vermehrung der Gliazellen oder eine Degeneration 
der Nervenzellen mit zunehmendem Alter lafit sich nicht feststellen. 
Diskussion 
Ein Mangel von vergleichbaren elektronenmikroskopischen Studien der Alters-
veranderungen der Corpora mamillaria in der Literatur ist hervorzuheben. 
Der Hauptbefund dieser Arbeit liegt in dem Nachweis einer Vermehrung der 
Lipofuszingranula, die sich mit zunehmendem Alter darstellt. Die Schnitte der Tiere, 
die iiber 2 Jahre alt waren konnten leicht von denen der jiingeren Tiere (4—8 Mo-
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Abb. 5. Erne V-ahnlichc Einstulpung des Kernes und deutljche LJpofuszingranuIa (Pfcilc) sind zu 
erkennen. Ratte, 42 Monatc alt. Vergr. 17,150 X . 
nate) durch die eigenartige Pigmentgranula unterschieden werden. Die Vaku-
olisierung mehrerer Lipofuszingranula mit zunehmendem Alter ist sehr interessant. 
Nach Braak (1971) sind die Lipofuszinkorpcr gegen autolytisclie Veranderungen 
aufierordentlich resistent. Es entsteht die Frage, was die eigenartige Aufhellung zu 
bedeuten hat. Wird das ganze Pigmentkorperchen aufgelost? Die morphologische 
Studie beantwortet diese Frage nicht. 
Ober die Funktion der Lipofuszlnkorperclien lassen sich bisher nur Vermutungen 
anstellen. Das gemeinsame Auftreten der Lipofuszineinlagerungen, des Golgi-
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Apparates, der Mitodiondrien und des Ergastoplasmas ist im Hinblick auf die 
verschiedenen Deutungen der Herkunft des Lipofuszins auffallig {Hasan und 
Glees 1972). 
Buttlar-Brentano (1954) untersuchte die Nervenzellen der menschlichen Hypo-
thalami und berichtete, dafi Pigmenteinlagerungen in den Hypothalamuskernen 
nicht zu sehen sind. Die erwahnte Studie war allerdings lichtoptisch. Ferner stellte 
Buttlar-Brentano (1954) fest, dafi keine Degeneration der Zellen in den ver-
schiedenen Kernen des Hypothalamus mit zunehmendem Alter auftritt. Eine 
Verminderung der Nissl-Substanz und Schrumpfung der Zellgrofie wurde aber in 
Hypothalamuskernen beobachtet {Buttlar-Brentano 1954). Die Frage, ob die Alters-
veranderungen in den Nervenzellen des Corpus mamillare fiir die Gedachtnis-
storungen des Alters verantwortlidi sind, lafit sich nicht mit Sicherheit beantworten. 
Dafi das Corpus mamillare eine wichtige Schaltstation des limbischen Systems ist 
{Thompson et al. 1954) und es in der Gedachtnisretention eine Rolle spielt {Kaada 
et al. 1961) ist anzunehmen. Die Ergebnisse von Mc Dougal-Verzdr (1957) und 
Gomori (1959) zeigen einen Zusammenhang zwischen dem Erinnerungsvermogen 
und dem Verlust der Zellen des Area praecentralis granularis. Zusatzlich zu diesen 
kortikalen Befunden soUte auch mit Nachdruck nach altersbedingten Veranderungen 
in der Corpora mamillaria weitere elektronenoptische Untersuchungen gefordert 
werden, ein Themenkreis, der in dieser kurzen Mitteilung angeschnitten wird. 
An dieser Stelle danken wir Herrn Prof. Dr. F. Verzar (Basel) und Frau Prof. Dr. 
Konig (Gottingen), die uns Ratten in verschiedenen Altersstufen zur Verfiigung 
gestellt haben. 
Fraulein E. Heyder danken wir fiir ihre ausgezeichnete technische Assistenz und 
Frau F. Schulmeyer fiir die Schreibarbeit. 
Abkiirzungen: 
A 
e. r. = 
G 
L = 
M = 
N = 
NU = 
O 
Axon 
endoplasmatisdies reticulum 
Golgi-Apparat 
Lipofuszin 
Mitodiondrien 
Nucleus 
Nucleolus 
Oligodendrozyt. 
Zusammenfassung 
Der Mamillarkomplex des Hypothalamus der Ratten im Alter von 4 bis 42 Monaten 
•wurde elektronenmikroskopisch untersudit. Die Neurone der Tiere, die fiber 24 Monate 
alt waren, lassen sidi leidit von denen der jungeren Tiere (4—8 Monate) durdi die 
cigcnartige Lipofuszingranula untersdieiden. Weiterhin wird die Vakuolisierung des Lipo-
fuszins mit zunehmendem Alter festgestellt. Im Hinblidc auf die Gedachtnisstorungen des 
Alters und des Korsakowsdien Syndroms sind diese Befunde diskutlert worden. 
Hasan und Glees, Altersveranderungen im Corpus mamiUare 153 
Summary 
The mammillary complex of rats, 4 to 42 months of age, has been electron-microscopi-
cally mvestigated The neurones of over 24 month-old animals could be easily distinguished 
from those of the younger ones (4—8 months) due to their peculiar lipofuscin granula 
Vacuolation of lipofuscin with increase in age was observed The findings are discussed 
with reference to the memory disturbances of the aged and the Xor5a^o;9'"Syndrome 
Literatur 
1 Adams, R D, The amnestic syndrome In f O Schmitt (Hsg), Macromolecular 
specificity and biological memory S III (Cambridge Mass 1962) — 2 Braak, H, Uber 
das Neurolipofuszin in der unteren Olive und dem Nucleus dentatus cerebelli im Gehirn 
des Menschen Z Zellforschg 121, 573—592 (1971) — 3 Brouwer, B , Ober die Pathologic 
des Hypothalamus Schweiz Arch Neurol Psychiat 65, 35 (1950) — 4 Buttlar Bren 
tano, K von, 'Z\XT Lebensgeschichte des Nucleus basalis, tuberomammillans, supraopticus 
und para ventricularis unter normalen und pathogenen Bedingungen J Hirnforschg 1, 
337—419(1954) —5 Delay, J, S Bnon et B Eltssalde, Corpus m3Lmi\\s.nes ex. de syndrome 
de Korsakoff Presse med 66, 1965—1968 (1958) — 6 Camper, E, Zur Frage der Polio-
encephalitis haemorrhagica der chronischen Alkoholiker Anatomische Befunde und ihre 
Beziehungen zum klmischen Bild Dtsch Z Nervenheilk 102,122—129(1928) —7 Glees, P 
and H B Griffith, Bilateral destruction of the hippocampus (Cornu Ammonis) in a case 
of dementia Mth Rev Psychiat Neurol 123, 194—204 (1952) — 8 Gomon, 1, Histo-
logische Veranderungen in der GroKhirnrinde von Ratten mit Verlust des Erinnerungs 
vermogen im Alter Gerontologia, 3, 289—303 (1959) — 9 Grunthal, E, Uber das Corpus 
mamiUare und den Korsakowschen Symptomkomplex Cofinia Neurologica 2, 64—95 
(1939) - 10 Hasan, M and P Glees, (In Vorb) — 11 Kaada, B R, E W Rasmussen 
and O Kveim, Effects of Hippocampal lesions on maze learning and retention in rats 
Exp Neurol 3, 355 (1961) — 12 McDougall-Verzar, J , Studies m learning and memory 
m ageing rats Gerontologia, 1, 65—85 (1957) — 13 Orthner, H und E Rettinger, Em 
intraventrikulares Kraniopharyngeom, zugleich ein Beitrag zum hypothalamisch ausge-
losten Korsakow-Syndrom Fortsch Neurol Psychiat 6, 299—331 (1965) — 14 Rey-
nolds, E S, The use of lead citrate as an electron opaque stain in electron microscopy 
J Cell Biol 17, 208-212 (1963) - 15 Thompson, R, S K Langer and / Rich, Lesion 
of the limbic system and short-term memory in albino rats Bram 87, 537—542 (1954) — 
16 Ule, G, Pathologisch-anatomische Befunde bei Korsakow-Psychosen und ihre Bedeu 
tung fur die Lokalisationslehre in der Psychiatric Arztl Wschr, 13, 6—13 (1958) — 
17 Verzdr, F, Experimentelle Gerontologie S 99—101 (Stuttgart 1965) — 18 Zeman, W 
and J R M Innes, In Cragie's Neuroanatomy of the rat, pp Xll—lll) (New York, 
London 1963) 
Ansdirift der Verfasser 
Prof Dr med Mahdi Hasan Institut fur Histologic und Neuroanatomie, 
34 Gottingen, Kreuzbcrgring 36 
Prof Dr med et phil P Glees, Direktor des Institutes fur Histologic und Neuroanatomie, 
34 Gottingen, Kreuzbcrgring 36 
Wl 
Z. Alternsforsoh. 28/1 (1974), S. 71—74 
Jnstitut fur Histologic und Neuroanatomie (Direktor: Prof. Dr. Dr. P. Glees*) der Universitdi 
•Gottingen, BED 
Alternsveranderungen in der Area postrema 
Eine elektronenmikroskopische Studie 
Von M. Hasan**) und E. Heyder 
Mit J Abbildung 
(Biiigang: 4.9.1972) 
Die Area postrema ist eine subependymale Hirnregioii im Boden des 4. Ventrikel. 
Die Strukturahnlichkeit der Area postrema und des Hypothalamus lassen deshalb 
an neurovegetative- und neurosekretorisclie Funktionen denken (4). Nach. R a b l (12) 
ist die Area postrema ein aktiver Teil des vegetativen Gebietes. Eine Wirkung der 
Area postrema auf das Atem- und Kreislaufzentrura ist anzunehmen (3, 4, 5). AuBer-
dem wird die Area postrema ais Breohzentrum angeselien (1, 15). 
Nacli R a b l (12) wird die Area postrema in der zweiten Halfte des Lebens zuriick-
gebildet. Es ist bemerkenswert, daB in jiingster Zeit ein Antikorper im Serum alterer 
JVIause gegen die Neurone naohgewiesen worden ist (10, 14). 
Da kein anderer Teil des Geliirns liohere GefaBpermeabilitat als die Ajea postrema 
besitzt (17,18), ist eine ausgepragte Wirkung des Antikorpers in der Area postrema 
7M erwarten. 
In der bislierigen Literatur bestelien keine elektronenmikroskopiscben Befunde iiber 
die Alterserscheinungen in der Area postrema. In diesem Zusammenhang ist die vor-
liegende elektronenoptische Untersucliung von allgemeiner neurobiologischer Bedeu-
tung, da aucb deutliche Alterserscheinungen in diesem Gebiet zu beobaohten sind. 
M a t e r i a l u n d Methode 
Es wurdon 20 Wistarratten im Alter von 4—42 Monaten (10 von 4—12 Monaten und 10 
von 24— 4^2 Monaten) mit Nembutal narkotisiert und deren Gehirne durch Perfusion, in vivo, 
mit einom phosphatgcpuffcrten Paraformaldchyd-Glutaraldehydgemisch f ixiert. Kleine Stiick-
chen von Area postrema warden in Iproz. OSO4 nachfixiert und nach Dehydrierung in der 
Aoetonreihe in Vestopal-W oder Araldit eingebettet. Eine Kontrastiorung erfolgte durcli 
Uranylazetat und Pliosphorwolframsaure wiihrend der Bntwiisserung am Block. Das Material 
•wurde mit Bleizitrat nach Reynolds (13) nachkontrastiert und am Zeiss EM 9 A Elektronen-
niikroskop iintersuoht. 
*) Unser besondei-er Danlc gilt Hcrrn Prof. Dr. Dr. P. Glees fiir die Unterstiitzung dicser 
Arbeit und die wcrtvoUen Ratsohlage. 
**) Dozcnten-Stipendiat der Alexander-von-Humboldt-Stiftung vom J. N. Medical College, 
Aligarh, Indien. 
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Abb. ] Aussohnitt aus dem Perikaryon eines Netiione& der Area postrema Zii beathten 1st 
die Zahl dei Lipofuszmgranula mit Aiifhelhingen iind grobeien Komern J^atte, 24 Monate alt 
L = Lipofus/.m, ei = ondoplasmatisehes lietikulum, G = Golgi-Apparat, M ^ Mitochon-
drium. Vergi. 42,.")()()• 1 
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Befui ide 
Die Area postrema besteht aus einer locker gebauten Glia und Neuronen-Popu-
lation, die durch Kapillaren und Sinusoiden reichlich vaskulisiert ist. Zahlreiche Ner-
.venfasern siiid in dem ventralen Teil der Area postrema z.u finden. Die Giiazellen 
bestehen hauptsachlich aus Oligodendrozyten und Astrozyten, Mikrogliazeilen sind 
nicht zu erkennen. 
Ultrastruirturelle Alterserscheinungen sind am neuronalen Zytoplasma deutlicL. 
erkennbar, denn mit zunehmendem Alter nimmt die Zahl der Lipofuszin-Granula zu. 
Schon ab 12 Monaten sind in der Area postrema erhebliohe Mengen dieser Lipofuszin-
Granula zu selien. So ist die Morphologie der Pigmentgranula des neuronalen Zyto-
plasmas in einigen 24 Monate alten Ratten hervorzuiieben. Auffallend sind im Peri-
karyon die zahlreichen Lipofuszin-Granula mit runden Aufhellungen und dunklen 
Kornern (Abb. 1). 
D i s k u s s i o n 
Wis lock i und K ing (16) batten angenommen, daB Area postrema nur aus gliosem 
Gewebe besteht. Nach unseren elektronenoptischen Befunden sind aber die Giiazellen 
zusammen mit Neuronen und Nervenfasern in der Area postrema anzutreffen. Auoh 
Oza wa (11) hatte schon viele Nervenzellen an verschiedenen Stellen der Area postrema 
des Menschen nachgewiesen. Es fanden sicli in der Area postrema eine bbhere Aktivitat 
der sauren und der alkalischen Glyzerophosphatasen als in benachbarten medullaren 
Abschnitten (5). Auf Grund dieser Befunde vermutete C a m m e r m e y e r (5), daB in 
der Area postrema ein hoherer Stoffwechselumsatz als in anderen Teilen des Gehirns 
vorhanden ist. Im Zusammenhang mit der Autoimmunitats-Tbeorie des Alterns und 
der Befunde von T h r e a t t et al. (14) und Na i idy (10) (d. h. Serum-Antikorper gegen 
dieNeuronen)konntedieschonfestgestellteb6here GefaBpermeabilitiit der Area postre-
ma (18) fiir die auffallend starke Alterserscheinung dieser Region des Gehirns verant-
wortlich sein. Eine foitschreitende Anhaufung von Lipofuszingranula muB als kon-
stante und deutliche Altersveranderung der Nervenzelle gewertet werden (siehe t)ber-
sichtsarbeit H a s a n und Glees (9)). 
Insbesondere gelten die Aufhellungen und Verdichtungen der Pigmentgranula als 
Zeichen des Alterns von Alterspigment (7, 8). 
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AGE-ASSOCIATED CHANGES IN THE HYPOTHALAMUS 
OF THE GUINEA PIG: EFFECT OF DIMETHYLAMINO-
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MICROSCOPIC AND HISTOCHEMICAL STUDY 
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INTRODUCTION 
IT IS well-documented that the different organs of the body age at different rate. The 
"biological clock" of ageing is thus organ-specific. The hypothalamus plays a commanding 
role in the regulation of homeostasis. But it should be born in mind that ''the homeostasis 
which gives us our term of reference to 'normaV function is in fact homeostasis about a 
developmentally changing point" (Comfort, 1968). 
Glees (1971) has drawn attention to the probability that the "biological clock" for 
ageing of the body may be located in the hypothalamus. This hypothesis has been more 
recently supported by Everitt (1972). It may thus be assumed that the life-span of an 
individual might be dependent upon the number of active hypothalamic neurones. It has 
been suggested that the age changes in the hypothalamus influence the mechanism of 
functional and metabohc changes in ageing (Groen, 1959; Borisov, 1966; Dilman, 1971). 
But in many cases conclusions about changes in the state of hypothalamus with age have 
been drawn from the physiological and clinical analogies between the manifestations of 
ageing and disturbances in the function of the hypothalamus. There are conflicting reports 
on the functional activity of the hypothalamus with age. Whereas, Aschheim (1965) and 
Dilman (1968, 1971) believe that functional activity of the hypothalamus is increased with 
age, Groen (1959), considers it to be reduced. Borisov (1966), on the other hand, concludes 
that the general activity of the hypothalamus, especially of its anterior part is reduced, but 
the activity of the posterior part of the hypothalamus is relatively increased. 
Information on the morphological changes in the senile hypothalamus is scanty. Ober-
steiner (1903) classified hypothalamic neurones as "lipophobic". He found little pigment 
in these neurons in the aged. Investigating the nucleus supraopticus and paraventricularis of 
some 500 human brains, Buttlar-Brentano (1954) observed no evidence of real degenerative 
change. In these two nuclei of the hypothalamus, she found no cell destruction (Zellunter-
gange) whatever. Also there was no accumulation of lipofuscin in any of the cells (Buttlar-
Brentano, 1954). 
Interestingly, Andrew (1956) emphasized the occurrence of certain "reactive" or "defen-
sive" phenomena which seemed to play a role in the counter-action against the influences 
which lead on to senescence and ultimate destruction of the nerve cell. Though contra-
dictory, these data gave evidence of non-uniform microscopic changes of hypothalamic 
* Fellow of the Alexander von Humboldt Foundation, on leave from J. Nehru Medical College Aligarh, 
India. 
tRecipient of Deutsche Forschungsgemeinschaft Grant Gl. 28/19. 
% Fellow of the WHO, on leave from Faculty of Medicine, Alexandria University, Egypt. 
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neurons and a number of findings—such as increase of cellular surface, nuclear volume, 
number of nucleoli, non-pyknotic hyperchromity—could be interpreted as adaptive 
reactions of neurons in response to deteriorated conditions of blood supply and nutrition 
(Andrew, 1971). 
It would be of particular interest to investigate the age-related changes in the hypothalamus 
utilizing the higher magnification of the electron microscope since the conventional Hght 
microscopy has failed to give a clear insight into this problem. 
- Furthermore, Frolkis et al. (1972) have noted age differences both in background neuro-
secretory activity and in the capacity of hypothalamic neurosecretory nuclei to react to 
direct neural, reflex and humoral stimulation of the hypothalamus. The question remains 
open whether these could be reverberating effects between the hypothalamic nuclei and 
internal secretory glands. Thus these findings invite further biochemical and histochemical 
investigations. 
Recently, the effects of dimethylaminoethyl />-chlorophenoxyacetate (also known as 
centrophenoxine, Lucidril or Helfergin) have been described by many workers (Nandy 
and Bourne, 1966; Nandy, 1968; Chemnitius et al, 1970; Meier and Glees, 1971; Spoerri 
and Glees, 1974; Hasan et al, 191 A). Since difierent regions of the nervous system show 
different rate of ageing (Braak, 1971; Hasan and Glees, 1972), it is desirable to investigate 
the effect of dimethylaminoethyl /;-chlorophenoxyacetate on the different neuron popu-
lations. 
The aim of the present investigation is to study the age-related changes in the hypo-
thalamus and to observe the effects of dimethylaminoethyl /j-chlorophenoxyacetate using 
both electron microscopic and histochemical techniques. 
MATERIALS AND METHODS 
Our investigations were carried on 11 male guinea pigs which were divided into 3 groups 
as follows: 
(1) Young up to 6 months of age. 
(2) Old (3 years and above) "control" group receiving physiological saline injections 
(i.m.) daily for 30-56 days. * 
(3) Old "treated" group receiving intramuscular injections of dimethylaminoethyl 
;7-chlorophenoxyacetate HCl (available as "Helfergin", Promonta Laboratories, Hamburg), 
80 mg/kg body weight daily for 30-56 days. 
Care was taken to keep the environmental conditions constant for all the animals. The 
"treated" and "control" guinea-pigs were killed two at a time and the tissues were processed 
simultaneously. 
Electronmicroscopy 
The animals were anaesthetized with intraperitoneal injection of sodium pentobarbital 
(Nembutal, Abbott) and perfused through the heart with phosphate-buffered paraform-
aldehyde/glutaraldehyde solution (pH 7-3) prepared as recommended by Karnovsky 
(1965). The brains were dissected and small pieces of the hypothalamus were removed 
from the anterior hypothalamus (supraoptic and paraventricular regions) and immersed 
in 6 per cent glutaraldehyde in phosphate buffer for 3 hr at 4°C. Following a brief rinse 
in phosphate buffer (pH 73), the post-fixation was done in 1:1 mixture of 2 per cent 
osmium tetroxide and 0-2 M buffer-saccharose for 2 hr at 4°C. Dehydration was carried out 
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FIG. I. Electron microgiaph of a pait of the hypolhaldmic neuron ol 6 m giiinta pig Note the legularly 
aiianged arrays of endoplasmic leticulum and a couple of elcction-dense bodies in the peiikaiyon er = 
endoplasmic leticulum, G Golgi appaiatus, N Nucleus ( 21,250). 
Fro. 2. Anothei view of hypothalamic ncuion of 6 m animal showing scattcicd pigment gianules in the 
vicinity of the nucleus N - Nucleus (^ 24,500) 
FIG. 3. Hypothalamus, 3-yeai-old guinea pig Dense pigment gianules aie piomincntly seen in the perikaryon. 
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density L Lipofusem, N Nueleus ( 21,250) 
F I G 6 Election mieiogiaph ol a pait of hypothalamic neuion of 3-yeai-old guinea pig showmg some 
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F I G 7 M a l n i a l f rom guinea pig ln.alcd wi lh climclhylaminochlNl / thloioplii.i i()x> in-lalc foi 30 days 
NotL the climii iulion in t l cc l i on density ( 21 250) 
F I G 8 Elect ion miciogiaph showing paits of two hypothalamic neiiions aftei 40 days diug-t ieatmcnt 
A decrease in the niimbei and size of pignunls is appaient N Nucleus, I Lipofuscin ( 21,200) 
F I G 9 Ano th t i view of two hypothalamic ncuions aftei 56 days of t ieatmcnt Pigment granules have 
been maikcdly icduced but still one vacuolated gianulc can be seen in the lowei pait of the pietuie N 
Nucleus, L Lipoluscin ( 21,250) 
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Fro 10 Frozen section antci lor hypothaldmus ol Linlitdted 3-yLdi-old guinea pig showmg acid phosphatase 
activity (Gomel I s method) ( 400) 
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Fic. 11 Acid phosphatase activity after 45 days treatment Note maikcd diminution ( 400) 
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in graded alcohol and the tissues were eventually run through propylene oxide. The 
embedding was done in Epon 812. Ultrathin sections were cut with an LKB ultratome and 
"on grid" staining was done with lead citrate (after Reynolds, 1963). The sections were 
examined and photographed with a Zeiss EM 9S-2 electron microscope. 
Histochemistry 
The guinea pigs chosen for the histochemical procedures were not anaesthetized. They 
were allowed to bleed to death by cutting the carotid artery. Small pieces of the anterior 
hypothalamus were dissected out quickly and frozen on a microtome chuck. Thick sections 
(10 |i) were cut on a cryostat and mounted on coverslips for the demonstration of acid 
phosphatase, succinic dehydrogenase and alpha esterase. 
Methods 
(1) Acid phosphatase. Modified Gomori's method (1952) was used. Frozen sections 
were incubated with the substrate buffered at pH 5 (acetate buffer) for 1 hr at 37°C. After 
rinsing thoroughly in distilled water, the specimens were immersed in 2 per cent acetic 
acid for 1 min. Following another rinse in distilled water, the sections were immersed in a 
dilute solution of yellow ammonium sulphide for 1 min, again washed in distilled water 
and mounted in glycerine jelly. For "control" sections, the alpha sodium glycerophosphate 
solution was replaced by distilled water. 
(2) Succinic dehydrogenase. The procedure followed in the present investigation was that 
of Nachlas et ah (1957) as described by Pearse (1960). For the better preservation of mito-
chondria, polyvinyl pyrrolidone was added to the stock buffered succinate to give a final 
concentration in the medium of 7-5 per cent. The frozen sections were incubated for 45 min 
at 37°C following which they wei;e washed in distilled water and mounted in glycerine jelly. 
(3) a-Esterase. Malaty's modified method (1969) was used. This technique recommends 
the use of a-naphthyl acetate and diazofast red B salt buffered at p'H 8 (M/10 phosphate 
buffer) as the substrate medium. The sections were incubated in this substrate at room 
temperature for 10-15 min, then washed in distilled water and mounted in glycerine jelly. 
RESULTS 
The neurons of the anterior hypothalamus of young guinea pigs (6 months) showed 
prominent arrays of endoplasmic reticulum, well-developed Golgi apparatus and scattered 
mitochondrial profiles in the perikaryon (Fig. 1). Of particular interest was the frequent 
occurrence of lipofuscin granules in the vicinity of the nuclei (Fig. 2). Although the pigment 
granules were usually small in size and number, their presence in young guinea pigs was 
considered noteworthy. This has particular relevance in view of the reported absence of 
lipofuscin even in the aged animals (Obersteiner, 1903; Buttlar-Brentano, 1954; Andrew, 
1971). The size and frequency of occurrence of the pigment granules increased with age 
(Fig. 3). The morphological appearance of the pigment granules was remarkable. On this 
basis they could be divided into two main types. (1) In a majority of neurons the pigment 
exhibited uniform electron-density but appeared to be composed of a conglomeration of 
smaller units. Usually no electron-lucent areas or vacuoles were apparent. Such granules 
constituted the most obvious component of the perikaryon (Figs. 4 and 5). (2) In some 
neurons, however, the well-documented "vacuolated" type of the pigment was discernible 
(Fig. 6). 
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Following 30 days treatment with dimethylaminoethyl j:j-chlorophenoxyacetate a 
diminution of the electron-density was detectable (Fig. 7). The size and number of the 
pigment granules were reduced in the material obtained after 40 days treatment (Fig. 8). 
However, no evidence of phagocytosis of the pigment or its extrusion into the extracellular 
space was as yet observed. The pigment granules werefurtherreduced in size and number after 
56 days of treatment (Fig. 9). Late stages reveal however the removal of pigment toward the 
capillaries (Glees and Spoerri, 1974). 
Histochemical observations 
Acid phosphatase. The acid phosphatase activity, in the form of a granular reaction, was 
noted in the anterior hypothalamus of the "age untreated" animals (Fig. 10). This reaction 
appeared however to be reduced following 45 days of treatment with the drug (Fig. 11). 
Succinic deliydrogenase. The material obtained from the "control"—untreated 3-year-old 
guinea pigs showed a faint granular reaction for this enzyme. This reaction was more 
marked in the treated material, when compared with controls. 
a-Esterase. The normal "control" hypothalamus exhibited a "moderate" a-esterase 
activity in the form of fine granules distributed uniformly in the perikarya. The activity of 
this enzyme was also markedly increased in the treated group of animals. 
DISCUSSION 
Electron microscopic examination of the neurons of the anterior hypothalamus definitely 
shows significant deposition of lipofuscin granules with advancing age. The earher relevant 
studies (Obersteiner, 1903; Buttlar-Brentano, 1954) were obviously handicapped by the 
limitation of the power of resolution of conventional light microscopes. The occurrence 
of two distinct "types" of lipofuscin granules in neighbouring neurons of the anterior 
hypothalamus further testifies to the ultrastructural complexity of morphological patterns 
and distribution of this pigment, as has already been discussed by Hasan and Glees (1972). 
The number and size of the granules increased with advancing age. Increasing intra-
neuronal accumulation of lipofuscin is the most consistent cytological change which has 
been correlated with ageing of mammals (Bondareff, 1957; Brizzee and Johnson, 1970; 
Brody, 1960; Nandy and Bourne, 1966; Samorajski et a!., 1968; Strehler, 1962; Hasan 
and Glees, 1972; Nanda and Getty, 1973). The other data deahng with the morphological 
changes in the senile hypothalamus are contradictory and give evidence of non-uniform 
microscopic changes of hypothalamic neurons. A number of findings (increase of cellular 
surface, nuclear volume, number of nuclei, non-pyknotic hyperchromity) are non-specific. 
They could equally be interpreted as the outcome of imperfect fixation and variation in the 
osmolality of the fluids used in the processing of tissues. 
Recent physiological studies, however, have clearly demonstrated progressive alteration 
in the activity of hypothalamus with advancing age (Frolkis et ai, 1972). The key role of 
the hypothalamus in the adaptation of the organism to the environment, the importance 
and diversity of its regulatory functions and the similarity between a number of manifes-
tations of ageing, on one hand, and clinical aspects of hypothalamic disease on the other, 
have led to the suggestion that age changes in the hypothalamus influence the mechanism 
of functional and metabolic changes in ageing (Groen, 1959; Aschheim, 1965; Borisov, 
1966; Dilman, 1968, 1971; Frolkis et al, 1972). It is of interest to note that Frolkis et ah, 
(1972) have observed that the neurosecretory activity in the supraoptic and paraventricular 
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nuclei of intact rats declines with age. They further observed many dark cells with a large 
quantity of Gomori-positive substance in these nuclei. Often degenerated neurons of an 
elongated angular shape with poorly outlined pyknotic nuclei were seen (Frolkis et al, 
1972). Szentagothai et al. (1965) and Polenov (1968) have interpreted these changes of 
neurosecretory neurons as a sign of reduction of their functional activity. Our results 
support this view since the increasing accumulation of lipofuscin granules—at the expense 
of the volume otherwise normally occupied by the cell-organelles—should obviously result 
in a reduction in the functional capacity of the neurons. It is well-known that the hypo-
thalamic neurosecretory mechanism is of vital importance in coordinating endocrine 
glands into organism reaction under the action of stress stimuli. Thus the changes in 
neurosecretory process can explain important features of stress response to various stimu-
lants: according to Everitt (1972) some phenomena of ageing are due to the lack of pituitary 
hormones. However the secretion of anterior pituitary hormones is controlled by hypo-
thalamic releasing factors. Thus it appears that age changes in the hypothalamus should 
accelerate the phenomenon of ageing in the whole body. Furthermore, Dilman (1971) has 
suggested that as a result of intrinsic age changes, the hypothalamus becomes less sensitive 
to feedback suppression in old age. Thus the threshold to suppression by negative feedback 
becomes elevated. This leads to oversecretion of ageing hormones, particularly Cortisol, 
due to compensation in the adaptation system, and insulin, from compensation in the 
energy regulating system. Moreover, it'is to be remembered that the hypothalamus regulates 
many functions essential for life such as food-intake, body temperature, water balance, 
blood pressure and heart rate. Physiological studies of Frolkis et al. (1972) have revealed 
that hypothalamic ageing is not uniform. Ageing of individual hypothalamic areas occurs in 
different ways and at different rates. Our ultrastructural observations support this concept. 
The morphology of ageing in the anterior hypothalamus differs significantly with that of 
the mamillary nuclei of the posterior hypothalamus (Hasan and Glees, 1974). This lack of 
uniformity in hypothalamic ageing would thus produce disregulation of hypothalamic 
function and this disregulation could produce some or most of the age-related pathology 
seen in man. Furthermore, the environmental factors which influence ageing process 
appear to act through the hypothalamus and the anterior pituitary (Everitt, 1972). 
The effect of dimethylaminoethyl j:?-chlorophenoxyacetate on the lipofuscin granules has 
been investigated by Nandy and Bourne (1966), Nandy (1968), Chcmnitius et al. (1970), 
Meier and Glees (1971), Hasan et al. (1974) and Spoerri and Glees (1974). The ultra-
structural study of the spinal ganglia of rats (Meier and Glees, 1971) and on the hippocampus, 
reticular neurons and area postrema of guinea pigs (Hasan et al., 1974) revealed vacuoliza-
tion of the granules and an obvious diminution in the intensity of pigmentation after 6-8 
weeks of treatment. Transport of altered pigment granules by phagocytes up to the immedi-
ate vicinity of blood capillaries has also been reported (Hasan et al, 1974). But in the present 
study no vacuolization or phagocytosis of lipofuscin could be detected, although an obvious 
diminution in the intensity of pigmentation was discernible. It is likely that the time of action 
of dimethylaminoethyl /;-chlorophenoxyacetate is not the same in the different region of the 
nervous system. Regional variation in the morphology and onset of pigmentation in the 
different regions of the nervous system is well-documented (Hasan and Glees, 1972). 
A correlation of ultrastructural investigation with the biochemical alterations in ageing 
as well as in cases of drug-induced diminution of the pigment should enable a deeper 
insight into this problem. Increase of acid phosphatase activity in the aged animals has 
been reported by Finkiewicz (1972), Finch (1972) and Sohal and McCarthy (1973). The 
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reduction of acid phosphatase activity in dimethylaminoethyl /7-chIorophenoxyacetate 
treated guinea pigs is thus of particular interest. 
Succinic dehydrogenase, on the other hand, is a member of the group of enzymes 
associated with the Kreb's tricarboxylic acid cycle. Its localization in the mitochondria 
has been well established (Ragins et a!., 1964). Thus the increased intensity of the reaction 
of this enzyme in treated group of animals gives an indication of favourable carbohydrate 
metabolism. a-Esterase belongs to the hydrolytic group of enzymes. Pearse and Riecken 
(1967) consider the endoplasmic reticulum to be the site of intracellular location of this 
enzyme. Malaty (1969) suggests that alpha esterase may play a role in lipid breakdown 
and synthesis of fatty acids. Its increase in the hypothalamic neurons of "treated group" of 
guinea pigs highlights yet another facet of the mode of action of dimethylaminoethyl 
/7-chlorophenoxyacetate. 
Further combined histochemical-electron microscopic investigations in different regions 
of hypothalamus as well as in diiferent species of animals are likely to give a better insight 
into this promising facet of gerontological research. 
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Summary—Contrary to the earlier 1 ight microscopic studies, electron microscopic investigation 
oil 11 male guinea pigs revealed marked accumulation of lipofuscin pigment in the hypo-
thalamic neurons with the passage of time. Even in 6 month guinea pigs scattered pigment 
bodies were noted. Two types of pigment granules have been observed in the aged animals. 
Dimethylaminoethyl /7-chIorophenoxyacetate caused a marked diminution of the electron 
density and reduction in the size and number of the pigment granules. Furthermore, histo-
chemical examination revealed a marked diminution of acid phosphatase activity in the 
treated group of animals as compared to normal "control". But the a-esterase and succinic 
dehydrogenase activity was found to be increased following drug treatment. 
Resume—Contrairement aux examens effectues precedement au microscope optique, les 
examens au microscope electronique ont revele chez 11 cobayes males une nette accumulation, 
en fonction du temps, de lipofuscine dans le nerones hypothalamiques. Des corpuscules de pig-
ment ont meme ete remarqu^s chez des cobayes ag6s de 6 mois. Deux types de granules de 
pigment ont ete observes chez les aniri' x ages. Le chlorophenoxyacetate de;)-dimethylamino-
ithylea provoque une nette diminution de la densite des Electrons et de la taille et du nombre des 
granules de pigment. L'examen histochimique a rdvel6 en outre une diminution marquee de 
ractivit6 de la phosphatase acide chez les animaux du groupe traite, comparativement aux 
animaux temoins "normaux". On a constate, par centre, apres le traitement, une augmen-
tation de I'activite de I'a-esterase et de la succinodeshydrogenase. 
Zusammenfassung— I^m Gegensatz zu friiheren lichtmikroskopischen Untersuchungen ergab 
eine elektronenmikroskopische Untersuchung an 11 mannlichen Meerschweinchen einc 
deutliche Anhaufung von Lipofuszin in den hypothalamischen Neuronen als Funktion der 
Zeif. Sogar bei 6 Monate alten Meerschweinchen wurden verstreute Pigmentkorper beo-
bachtet. Bei alten Tieren wurden zwei Typen von Pigmentgranula gefunden. Dimethyl-
aminoathyl-p-cholorophenoxyacetat verursachte eine deutliche Verminderung der Elek-
tronendichte und eine Herabsetzung der Grbpe und Zahl der Pigmentgranula. Auperdem 
ergab die histochemische Untersuchung einc deutliche Verminderung der Aktivitat der 
sauren Phosphatase bei der Gruppe der behandelten Tiere im Vergleich zu den unbehandclten. 
Die a-Esterase und die Succinatdehydrogenaseaktivitat waren nach der medikamentosen 
Behandlung jedoch erhoht. 
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ELECTRON MICROSCOPE STUDY OF THE CHANGES IN FIBROUS ASTRO-
CYTES OF THE LATERAL GENICULATE BODY OF BLINDED MONKEYS* 
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ABSTRACT. Ultrastructural changes in the 'fibrous gha' of the lateral geniculate body of tha 
monkey aftei- 6 to 443 day? of blindness have been investigated. Normal material was available for compa-
rision. Evidence of astrocytosis and excessive production of glioflbrils ( astrogliosis) is seen. The astrocytic 
changes have also been found to be associated with myelin digestion. The findings have been discussed in 
the light of the relevant Hterature. 
The lateral geniculate body is a rewarding 
object for the study of experimental dege-
neration in the central nervous system. Its 
main afferent supply can be easily interrupted 
by eye-enucleation thereby enabling the 
study of Wallerian degeneration, trans-
neuronal atrophy, glial reaction and vascular 
changes—all in one circumscribed legion. 
So far only the problems of synaptic orga-
nization and transneuronal changes have 
attracted the majority of investigators. The 
result is that electronmicroscopic studies 
on the subsequent glial changes are scarce 
and no detailed information on the con-
comitant vascular alterations is available. 
The significance of such changes has been 
well-emphasized by Adams (1958 ) " Astro-
gliosis and microgliosis form two of the 
corner stones of the whole edifice of neuro-
pathology, the other two being the vascular 
* This work was carried out in Institute f. Histo-
logic u. Neuroanatimie, University of Goetti-
ngen. 
1. Fellow of the Alexander von Humboldt 
Foundation. 
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reactions which are not altogether separable 
from the glial reactions and the specific 
nerve cell changes ". 
In this communication the changes i.i 
the ultrastructure of astrocytes at the 
different stages of degeneration are being 
discussed, emphasizing the gaps in our 
knowledge in the hope that they will invite 
further research. 
Material and Methods 
Twelve young monkeys (macaca neme-
strina) of cither sex weighing 1-5 to 4 kg. 
were used for this study. The left eye was 
enucleated in six cases (post-operative 
survival period : 6, 11, 40, 50, 64 and 73 
days). Bilateral eye-enucleation was 
carried out on four animals (p. op. after 
L. E. enucleation 277 days, R. E. 6 days; 
379 days and 38 days; 379 days and 45 days, 
443 days and 70 days respectively). No 
operation was performed on two monkeys 
whose lateral geniculate bodies were utilised 
as normal controls. 
At the end of the given post-operative 
survival period, the animals were anaes-
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thetised by intravenous injection of sodium 
pentobarbital (Nembutal, Abbot Labora-
tories) 25-30 mg per kg. body weight and 
then perfused with buffered glutaraldehyde 
solution fSabatini, Bensch and Barrnett, 
1963). Small pieces of the lateral geni-
culate body were post-fixed in Dalton's 
OsO^, dehydrated in graded acetone-water 
series, treated with uranylacetate and pho-
sphotungstic acid and embedded in Vesto-
pal W. Ultrathin sections were made with 
LKB ultratome and examined with a Zeiss 
EM 9 electron microscope. 
Observations 
Besides the axonal degeneration, changes 
in the ultra-structure of lateral geniculate 
neurons ( Glees, Hasan and Tischner, 1967 ), 
and astrocytes have also been observed in 
the material obtained from the blinded 
monkeys. 
Astrocytes. The experimental material 
showed an apparent increase in the number 
of astrocytes. In some fields, particularly 
in the neighbourhood of the blood vessels, 
a number of cells containing bundles of 
fibrils were found in small groups (Fig. 1). 
Since the absolute indentification of the 
different types of glial cells is difficult in 
the ordinary electron micrograph (Vogel 
and Kemper, 1962), we will describe here 
the morphological characteristics and patho-
logical reactions of the different cells under 
the general headings of " fibrous gha " and 
" non-fibrous glia" depending upon the 
presence or absence of fibrils in the cyto-
plasm. 
Fibrous glia. In the early stages of dege-
neration, up to 2-3 weeks of the post-opera-
tive survival period, the neuroglia showed 
large, round to ovoid nucleus with clearly 
defined double nuclear membrane and 
uniformly distributed nuclear material 
(Fig. 2) . Occasionally elongated nuclear 
profiles were found lying side by side sepa-
rated by a membrane (Fig. 3) . Variations 
in the morphology of the nucleus in the 
form of a beak-like projection (Fig. 4 ) , 
irregular protruberances (Fig. 5) and a 
dumb-bell-shaped conformation (Fig. 6) have 
also been observed. Occasionally a bud-
like process was found attached to the main 
nuclear mass (Figs. 7 and 8). In the 
later stages of degeneration glial cells show-
ing small nuclei with a wealth of cytoplasmic 
fibrils were frequently observed (Fig. 9) . 
The cell boundary was not clearly demar-
cated and a number of irregular cytoplasmic 
processes could be distinguished. The cyto-
plasm was well-preserved and showed a 
number of mitochondrial profiles, free and 
bound ribosomes, endoplasmic reticulum 
and also Golgi-apparatus consisting of 
small vesicles, short tubules and elongated 
cisternae. 
Fibrils. Bundles of fibrils were found 
orientated haphazardly in the cytoplasm 
(an isomorphic gliosis). It appeared as if 
the number and density of the fibrils incre-
ased with the increase in the post-operative 
survival period. Occasionally, myelinated 
axons were seen lying within the cytoplasm 
amongst the fibrillar bundles (Fig. 10). 
Relationship of astrocytes with capillaries. 
At times astrocytes exhibiting a wealth of 
fibrils were detected in the immediate vici-
nity of the capillary-lumen. (Fig. 11). 
Lipid vacuoles. In a few cases, many 
" empty " ( electron-lucid ) vacuoles, limited 
by a single osmiophilic membrane of varying 
thickness, have been observed in the glial 
cytoplasm (Fig. 12). Bundles of fibrils, 
numerous vesicular profiles and degenerating 
myelin could be detected in the neighbour-
hood of such vacuoles. 
Discussion 
It is of interest to note that eye-enuclea-
tion has led to astrocytic changes in the 
lateral geniculate body—a location far 
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removed from the actual site of the traumatic 
lesion. This observation finds support in 
the autoradiographic study done by Altman 
(1962). He demonstrated that the proli-
feration of neuroglial cells is not restricted 
to the traumatized regions but may also 
be observed along pathways which issue 
from such regions. With lesions of the 
lateral geniculate body, up-take of thymidine 
by neuroglial cells could be seen in several 
parts of the visual system where Wallerian 
degeneration was expected to occur. 
Taking advantage of the fact that the 
lateral geniculate body receives aiferents 
from both eyes—the ipsilateral optic affe-
rents terminate in laminae 2, 3 and 5 and 
the contralateral fibres in 1, 4 and 6 (Glees 
and Le Gros Clark, 1941 ) — the eye-enu-
cleations have been performed at different 
time intervals in order to study the early 
and late stages of degeneration in the same 
material. Although no quantitative data 
can be presented on the basis of this electron 
microscopic study alone, an impression 
was formed that the macrogJial cells are 
more frequently encountered in the early 
stages of degeneration while in the later 
stages lipid phagocytes and other microglial 
elements show an apparent increase. 
Criteria for macroghal identification based 
upon the differences in size, density and 
topography have been described (Hartmann, 
1958; Coutler, 1964; Schultz, 1964). 
But their obvious drawback is the depen-
dance upon comparative evaluation which 
is liable to differ from person to person 
under the different experimental conditions 
and may lead to misinterpretation. An 
instance of the same cell having been iden-
tified as protoplasmic astrocyte and oligo-
dendrocyte' has been cited by Hartmann 
( 1958). According to Vogel and Kemper 
( 1962), " Methods currently used to prepare 
tissue for electron microscopy have not 
permitted precise identification of the neuro-
glia and antithetic conclusions have been 
reached". The dividing line between the 
protoplasmic and fibrous astrocytes is by 
no means clear, there are numerous transi-
tional forms (Glees, 1955). Moreover, in 
an extensive ultra-structrtural study of 
remyelination in the spinal cord of the 
adult cat (Bunge, Bunge and Ris, 1961), 
it has been observed that the oligodendro-
cytes and astrocytes are not structurally 
fixed entities, but that there exist inter-
mediary forms, suggestive of transition 
from one cell type to the other. Farquhar 
and Hartmann (1957) believe that transi-
tion forms between astrocytes and micro-
glial cells may also be observed. In the 
midst of conflicting reports and in view of 
the claimed transformation of one glial 
cell type into another (Hasan and Glees, 
1973 ), particularly in a pathological condi-
tion, we have decided not to label the glial 
cells as astrocytes or oligodendrocytes, 
terms which embody fixed characteristics, but 
to describe the morphological features and 
pathological changes of the different cell 
types separately. This leaves open the 
possibility of transgression of one cell type 
into another. 
Neuroglial cells exhibiting cytoplasmic 
fibrils usually contained a chromatin-poor 
nucleus and displayed multiple cytoplasmic 
processes and generally conformed to the 
classical description of astrocytes. The 
cytoplasm, however, did not give the clear 
" watery" appearance which has usually 
been ascribed to the astrocytes (Bunge et 
al. 1961; Schultz, 1964). The classical 
protoplasmic astrocyte could not be 
detected. One explanation may be that 
most of them get transformed into reactive 
astrocytes which have been observed to 
contain fibrils (Gonatas, 1966). In most 
chronic astrocytic reactions the fibrous 
astrocytes proliferate and give rise to 
fibrous gliosis (Adams, 1958). Variations 
in the morphology of the nucleus and bud-
like protuberances, although not a very 
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convincing evidence of cellular multiplica-
tion, may at least be interpreted as an indica-
tion of dynamic instability, for all of them 
cannot be explained on the basis of the plane 
of section alone. 
Bundles of 70 to 90 A thick fibrils were 
commonly observed in the perikaiyon. The 
exact mechanism of fibril formation is not 
clearly understood, but in a few instances 
a very close relationship with the nuclear 
membrane has been noticed. Generally 
the e;liofibrils were found to be haphazardly 
orientated (anisomorphic gliosis ). 
The presence of lipid vacuoles in the 
cytoplasm of cells which conform to the 
classical description of astrocytes is remark-
able. It appears that myelin degeneration 
takes place in the astrocytes as well. Recently, 
Gonatas (1966) has described myelin 
figures together with vacuoles surrounded 
by a sinele membrane in the cytoplasm of 
protoplasmic (reactive) astrocytes. 
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Index to Ab53"eviations 
a : axon, c : capillary, dm : degenerating myelin, e : endothelium, 
er : endoplasmic reticulum, f : fibrils, g : Golgi apparatus, m : mito-
chondria, my : myelin, n : neuroglial nucleus, nc ; nerve cell, 
nu : nucleolus, ob : osmiophilic body, p : glial process, s : synapse, v : vacuole. 
Fig. 1. Electron micrograph of a part of the lateral geniculate body 
of monkey. Three astrocytes and a capillary, 38 days after 
eye enucleation. X 22,500 
Fig. 2. L. G. B. Fibrous astrocyte with cytoplasmic processes. Note 
the nucleus ( n ), dense process (p) , degenerating myellin (dm), 
myelinated axon (a ) , an axo-dendritic synapse ( s ) . X 22,500 
Fig. 3. Two glial cells lying in opposition. 
Fig. 4. Neuroglial nucleus ( n ) showing a beak-shaped process ( arrow ). 
Note the fibrillae in the cytoplasm. Another glial nucleus is 
seen in the lower part of the field. X 22,500 
Fig. 5. Astrocyte showing an irregular nucleus ( n ) . Myelinated 
axons ( a ) lie in the immediate vicinity of the cytoplasmic 
fibrils. X 22,500 
Fig. 6. An astrocyte showing a dumb-bell-shaped nucleus ( n ) and 
bundles of fibrils ( f ) . X 22,500 
Fig. 7. Glial nucleus ( n ) exhibiting a bud-like protruberance ( arrow ). 
Note bundles of fibrils (f) . X 22,500 
Fig. 8. Glial nucleus with a small satellite nucleus which appears to 
be budded off from the main nuclear mass. Note abundance 
of fibrils in the perikaryon. X 22,500 
Fig. 9. A small glial nucleus ( n ) showing a wealth of fibrils in its 
neighbourhood. X 22,500 
Fig. 10. A 'reactive' astrocyte on the right in the immediate vicinity 
of a lateral geniculate cell body ( nc). A plenty of cisternae, 
Golgi apparatus (g ) , endoplasmic reticulum (er) , fibrillae ( f ) , 
mitochonadria ( m ) and dense bodies (db) . Some osmio-
philic bodies ( ob) are also visible in the neuron. X 22,500 
Fig. 11. A reactive astrocyte applied to the wall of a capillary ( c ) . 
X 22,500 
Fig. 12. A fibrous glial profile exhibiting empty vacuoles in the peri-
karyon. Fibrils acd degenerating myelin are also prominently 
seen. X 22,500 
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Zusammenfassung 
Zwischen zunehmendem chronologischem Alter 
und dem Grad der Lipofuszinansammlung in 
Neuronen besteht eine auffallige lineare Korre-
lation die zunehmende Akkumulation von Lipo-
fuszin wurde deshalb in Verbindung mit dem 
Alterungsprozefe gebracht Bei chemischen Ana-
lysen wurde festgestellt, dafi Alterspigmente so-
wohl in polaren als auch unpolaren Losungsmit-
teln loslich sind, das Pigment ist autofluores-
zent und kann mit PAS, Sudan-Schwarz 8, Nil-
blau, Osmiumsaure und Eisenferricyanid ange-
farbt werden Dabei bleibt zu erortern, ob alle 
Pigmente mit diesen Eigenschaften identisch — 
Oder zumindest nahe verwandt — sind, unab-
hangig vom untersuchten Gewebe, der Spezies 
oder dem Alter des Individuums Pigmentbil-
dung konnte in jungen und alten Tieren genau-
so nachgewiesen werden wie bei Individuen, die 
experimentellem Strefi oder diatetischen bzw 
schadlichen Umwelteinflussen unterworfen 
wurden 
Elektronenmikroskopische Untersuchungen an 
Tieren haben eine betrachtliche Vanabilitat in 
der Ultrastruktur verschiedener Lipofuszinkor-
ner aufgezeigt, das Vorhandensein membran 
umgebener Vakuolen ist jedoch immer eines 
der charaktenstischen Zeichen neuronalen Lipo-
fuszins im alten Individuum Die Anwendung 
der Gefrieratzungstechmk in der Elektronen-
mikroskopie hat kurzlich uberzeugende Beweise 
gegen die fruhere Ansicht erbracht, dad diese 
Vakuolen aus lipidem Material seien, welches 
bei der Praparation des Gewebes gelost und 
entfernt wird Solche Vakuolen wurden auch 
in frisch gefrorenem Material, das zuvor nicht 
fixiert oder getaucht worden war, dargestellt 
Im Alternsgang erscheinen vakuolisierte Pig-
mentkorner eher in der Area Postrema als in 
anderen Regionen des Rattengehirns (Hasan 
und Hey der 1974) Somit werden auch regio-
nale Unterschiede m der zeitlichen Sequenz 
von Pigmentablagerungen deutlich 
Auswirkungen der Lipofuszinakkumulation auf den Zellstoffwechsel 
Hier erheben sich zwei wesentliche Fragen 
Ist Lipofuszm em Abfallprodukt oder erne phy 
siologische Substanz' Die uns bekannten Mei-
nungen zu dieser Frage sind sehr unterschied-
lich Fur das Zentralnervensystem von Saugern 
sind bisher Mikromethoden, die Wechselwirkun-
gen zwischen biochemischen Veranderungen 
von Zellen zu ihrem Lipofuszingehalt aufzeigen 
konnten, noch nicht zur Anwendung gekom-
men, Fragen zu diesem Gebiet konnen somit 
noch nicht beantwortet werden Zs-Nagy (1933) 
fand jedoch in Nerven- und Muskelzellen von 
Anodonta Cygnea L (MoUusca, Pelecypoda) 
von Membranen umgebene Pigmenteinschlusse, 
die er Cytosomen nannte Wenn er die Ver-
suchstiere uber unterschiedliche Zeitspannen 
einem Sauerstoffmangel aussetzte, fand er eine 
Vermehrung der Cytosomen Zs-Nagy hielt 
deshalb diese Lipofuszinkorper fur Depots zur 
Uberbmckung anaerober Stoffwechselphasen 
Wir sind jedoch der gegensatzlichen Auffassung, 
namlich, dafi Strefisituationen - wie Sauerstoff-
mangel - zur mitochondnalen Degeneration 
fuhren, die sich in der Lipofuszinakkumulation 
dokumentiert Wir glauben, dafi Mitochondrien 
die empfindlichsten aller intrazellularen Orga-
nellen sind, in denen durch Einwirkungen wie 
Alterung, Krankheit oder Strefi jeweils der 
Abfallstoff Lipofuszin entsteht Wie unsere 
Untersuchungen zeigen, wird Lipofuszin in der 
Zelle normalerweise in einer bestimmten Rate 
abgebaut Der exakte Mechanismus der Lipo-
fuszmbildung wahrend des Altersprozesses 
und unter experimentellen Bedingungen, wie 
bei traumatischen Lasionen, Hypoxic, Vitamin-
E-Mangel, unter Einwirkung von Acetanilid 
usw , mufi somit ultrastrukturell untersucht 
werden unter Bemcksichtigung der RoUe der 
verschiedenen Zellorganellen bei der Pigment-
bildung Es ist nicht auszuschliefien, dafi es 
sich hier um eine Kettenreaktion handelt, die 
in der Nahe des Zellkerns (moglicherweise mit 
dem DNS-RNS-Stoffwechsel verbunden) be-
ginnt und den Golgi-Apparat, das endoplasma-
tische Retikulum, die Lysosomen und die Mito-
chondrien einbezieht Auf diese Weise mogen 
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deg. c. th. f. 
n. v.p. 
retrogr. deg. 
Abb. 24a: Wechselwirkungen zwischen Thalamus und 
sensorischem Cortex. Ablosung der schattiert darge-
stellten Zone des sensorischen Cortex fuhrt zur retro-
graden Zelldegeneration (retrogr. deg.) und zur Lipo-
fuszinakkumulation im hinteren ventralen Kerngebiet 
(n.v.p.) sowie zur Degeneration der cortico-thalamischen 
Bahnen (deg. c.th.f.) c = Cortex; I—VI = Cortexschich-
ten; c.c. = Corpus callosum; th = Thalamus (nach 
Glees, 1947) 
letztlich Lipofuszinablagerungen im Zytoplasma 
entstehen (Abb. 24a+b). 
Es wurde die Moglichkeit diskutiert, die neuro-
nale Ceroid-Lipofuszinose (Batten-Vogt-Syn-
drom) als Modell fiir das menschliche Altern zu 
benutzen. „Dieser neue Blickwinkel auf das 
Alterspigment" (Douglas-Wilson 1970) hat die 
Moglichkeit der Oberpriifung von Antioxydan-
tien und Pigment-losenden Substanzen in Fallen 
von Lipofuszinose eroffnet. Ermutigende Berichte 
iiber die Hemmung von Lipofuszinablagerungen 
mit Arzneimitteln sind unlangst veroffentlicht 
worden. So wurde mitgeteilt, dafi die Anwen-
dung von Centrophenoxin* zu einer auffalligen 
Reduktion der Lipofuszinkorner und zu cha-
rakteristischen enzymatischen Veranderungen 
in den Neuronen gefiihrt hatte (Nandy u. 
Bourne 1966, Chemnitius et al. 1970, Meier u. 
Glees 1971, Hasan et al. 1974a, Riga u. Riga 
Abb. 24b Schematische Darstellung der unterschied-
lichen Ansichten zur LIpofuszingenese aus verschiede-
nen Zellorganellen (obere Bildhalfte) und des "Unif ied 
Concept" zur Pigmententstehung (untere Bildhalfte). 
NucI = Zellkern; Lip Lipofuszin; er = Endoplasma-
tisches Ret ikulum; G = Golgi-Apparat; M = Mitochon-
dnum; L = Lysosom 
1974). Kiirzlich konnte anhand von in-vivo-
und in-vitro-Untersuchungen aufgezeigt werden, 
dafi die Applikation von Centrophenoxin zur 
Auflosung neuronalen Lipofuszins (Abb. 25), 
wie auch zum Abtransport und zur Ausstofiung 
(Abb. 26) veranderter Pigmentkorper durch 
phagozytare Zellen (Abb. 27) und das kapillare 
Endothel (Abb. 28) fuhrt (Hasan et al. 1974b, 
Spoerri u. Glees 1974, Spoerri u. Glees 1975). 
Der Centrophenoxinbehandlung folgte eine aus-
gedehnte Vakuolisierung neuronalen Lipofuszins 
wie auch ein erhohter Transport und Abbau, 
residueller Pigmentk5rper. Dies wurde durch 
die Tatsache verdeutlicht, dafi in regelmafiigen 
Abstanden entnommenes Untersuchungsmate-
rial aus KontroUtieren weder vakuolisierte und 
granulierte Pigmentkorper zeigte, noch deren 
aktiven Transport durch Astrozyten zum Kapil-
larendothel oder deren Aufnahme durch phago-
Helfergin® Promonta-Hamburg 
Zusammenfassung 
Abb 25 Profil eines Neurons aus dem Hippocampus ejnes Meerschweinchens mit pharmakologisch mduzierter 
Vakuolisierung der Lipofuszin Granule nach Verabreichung von Centrophenoxin Beachte das ausgedehnte endo 
plasmatische Retikulum in Kernnahe (N) X 21 250 
zytare Zellen wie Mikroglia Vaughan u Peters 
(1974) teilten mit, dafi in der Hornnde alter 
Ratten eine vermehrte Zahl von Mikrogliazel 
len, welche unterschiedliche Ansammlungen 
von elektronendichtem, membrangebundenem 
Material enthalt, das dem Lipofuszin ahnelt, 
gefunden werde Neuronen aus alten Versuchs 
tieren und gealterten Zellkulturen zeigen ge-
ringe Anzeichen eines Lipofuszinabbaues Der 
Prozefi der Pigmentelimination fuhrt in vivo 
uber die Astrozyten, uber eine Aktivierung der 
Mikroglia und, in manchen Fallen, auch der 
Ohgodendrozyten (Glees et al 1975, Spoern 
u Glees 1975) In vitro wird der Abbau von 
Pigmentkorpern durch zytoplasmatische Fort-
satze der Neuronen und phagozytare Zellen 
bewirkt (Spoern u Glees 1973, Spoern u 
Glees 1974) 
In behandelten alten Tieren ist jedoch die Rate 
des Pigmentabbaues, wie gesagt, gering, gemes 
sen an der Rate der Pigmentelimination nach 
der Anwendung von Centrophenoxin bei 
in-vivo und in-vitro-Versuchen Centrophenoxin 
stimuhert also den Abbau des Pigmentes uber 
Transportmechanismen (Abb 29), die auch nor-
malerweise vorhanden sind Somit wird auch, 
wie unlangst von Glees (1972) sowie von Glees 
u Spoern (1975) diskutiert, die besondere Be-
deutung der normalerweise vorhandenen Bezie-
hungen zwischen Mikrogliazellen und Lipofus-
zin im Gehirn deutlich Mikrogliazellen werden 
offensichthch wahrend des Alterungsprozesses 
abgerufen, urn ein Dbermafi an Alterspigment 
abzubauen, dieser Vorgang wird durch Centro-
phenoxin besonders gefordert Es ist beeindruk-
kend zu sehen, wie unter der Einwirkung der 
Substanz eine massive Invasion von mikroglia-
len Makrophagen in die Kapillarwand erfolgt 
und eine Aufnahme osmiophiler Granula durch 
die Kapillarendothelzellen Zum Zeitpunkt der 
Auswirkungen der Lipofuszmakkumulation auf den Zellstoffwechsel 5 434 
Abb 26 Em Astrozyt und seme Fortsatze enthalten durch Centrophenoxmemwirkung vakuolisiertes Lipofus-
zm (L) P = Astrozytenfortsatze, N = Zellkern, X 21 000 
Abb 27 Abgebautes Lipofuszm (L) im Perikaryon emes „Phagozyten" m der Nahe emer Kapillare (c) aus 
dem Hippocampus emes behandelten Meerschweinchens N =i Zellkern, X 21.340 
.1 C; • 
(4 j ' j * 
Abb 28 Ahnlich verandertes Pigment wird im Kapillarendothel gefunden. r = Erythrozyt; Lu = Lumen; 
X 23.047 
Abb. 29 Durch Centrophenoxineinwirkung vakuolisiertes Lipofuszm (vL) im Phagozyten (P) einer Kapillare (c) 
aus dem Hippocampus eines Primaten. e = Erythrozyt; N = Zellkern des Phagozyten (Glees und Spoerri, unver-
bffentlicht) X 24.035 
Auswirkungen der Lipofuszinakkumulation auf den Zellstoffwechsel 
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Abgabe unseres Manuskriptes waren wir noch 
nicht in der Lage, den Modus des Oberganges 
von Lipofuszinpartikeln in die Mikrogliazellen 
zu bestimmen, aber nach den Ergebnissen unse-
rer in-vitro- und in-vivo-Experimente an Spinal-
ganglien ist es sehr wahrscheinlich, dafe die Pro-
zesse der Exozytose und Pinozytose die Neuro-
nen nach dem Lipofuszintransfer als unversehrt 
erscheinen lassen. 
Wolman (1975) hat gegeniiber einem der Auto-
ren geaufiert, dafi er Lipofuszinablagerungen 
nicht als Ursache des Alterungsprozesses be-
trachte, sondern als Denkmaler eines Alterungs-
prozesses, der in den Zellmembranen stattfin-
det. Dieser Ansicht mochten wir nichts entge-
genhalten, jedoch betonen, dafi uns Lipofuszin-
abbau als eine gegensatzhche Funktion zum 
Altern als wichtig erscheint, da anderenfalls 
viele Zellen in fortschreitendem Umfange vom 
Alterspigment besetzt wiirden. In der gleichen 
Weise, in der nicht abtransportierte Abfalle den 
Strai?ienverkehr in einer Stadt behindern wiir-
den, besetzt Lipofuszin die intrazellularen 
Durchgangsstrafien. 
Schliefilich noch ein Wort zur qualitativen 
Histologic, da nicht geleugnet werden kann, 
dafi die vorliegende Monografie morphologische, 
ultrastrukturelle Aspekte bevorzugt. Untersu-
chungen, wie sie im Laufe unserer Versuche 
viber die Wirkung von Centrophenoxin ultra-
strukturell durchgefiihrt wurden, sind sehr 
schwer in statistisch signifikante Grofien umzu-
setzen, es sei denn, sie wiirden lichtmikrosko-
pisch erfolgen. Bei unseren Untersuchungen 
uber das Altern haben wir - soweit dies tech-
nisch machbar war - immer wieder versucht, 
eine grofie Zahl ultradiinner Schnitte und 
Methylenblau-gefarbter 1-/i-Schnitte fiir eine 
iibersichtliche Inspektion auszuwerten. Die 
Ergebnisse elektronenmikroskopischer Untersu-
chungen so zu quantifizieren, wie dies bei licht-
mikroskopischen Untersuchungen geschieht, ist 
nicht moglich. Elektronenmikroskopische Un-
tersuchungen des Zentralnervensystems werden 
somit aus technischen Griinden einleitende Ar-
beiten bleiben, zur Erganzung oder Bestatigung 
von Problemstellungen, die mittels der Licht-
mikroskopie gelost oder aufgezeigt wurden. 
' • / • • • • -
Abb. 30 Melanin in vier Zellen der Pigmentschicht des Auges (Macaca fasclcularis). Im Gegensatz zu Lipofuszin 
ist Melanin das nornnale Produkt zellularer Organellen und unterscheidet sich deshalb in seiner Entstehung 
grundsatzlich von der des Lipofuszins. X 15.295 
( l^J ' 
8 Zusammenfassung 
Es mufe jedoch betont werden, dafe das Gehirn 
eines erfahrenen Histologen, dutch Erfahrung 
programmiert, computerahnliche Funktionen 
in der Auswertung elektronenmikroskopischer 
Bilder einnimmt (Robertson, 1975). Falls ein 
bestimmtes Ergebnis besonders wunschenswert 
ist, konnen moglicherweise subjektive Faktoren 
das gespeicherte Wissen eines Histologen uber-
lagern, aber auch Statistiker mogen ahnlichen 
Fehlergrofien unterliegen, wenn sie ihre Ergeb-
nisse interpretieren Im Zusammenhang mit 
unseren gerontologischen Untersuchungen mag 
das Fehlen statistischer Nachweise uber Lipo-
fuszinakkumulation und Lipofuszinabbau durch 
Centrophenoxin zur Geltung gebracht werden 
Zur Absicherung unserer Mitteilungen betonen 
wir jedoch, dafi die histologischen Unterschiede 
zwischen KontroUtieren und Behandlungstieren 
offensichtlich sind Centrophenoxin-induzierte 
Veranderungen am Lipofuszin wie auch die 
Entfernung von Fragmenten durch Phagozyten 
zur Kapillarwand sind deuthch und beweisbar 
Dieser Vorgang bedarf somit keiner statisti-
schen Stutzung 
Ungeachtet der o.e , techmsch bedingten Ein-
schrankungen konnen zukunftig ultrastruktu-
relle Untersuchungen auch zur Aufklarung der 
dem Altern zugrunde liegenden Vorgange die-
nen Das Ziel der vorliegenden Monografie war 
es, einen gemeinsamen, grundlegenden Nenner 
zu finden fur Vorgange beim Altern, in Strefi-
situationen und bei bestimmten neurologischen 
Erkrankungen, die durch Lipidansammlungen 
und Lipofuszinakkumulation gekennzeichnet 
sind. Aus einem Blickwinkel, der alle relevan-
ten biologischen Faktoren erfafit, erscheinen 
uns weitere ultrastrukturelle Untersuchungen 
zur mitochondrialen Degeneration wie auch zu 
lysosomalen und anderen enzymatischen Sto-
rungen als erforderlich, besonders in fruhen 
Stadien von Lipidspeichererkrankungen Lipo-
fuszin ist ein Abfallprodukt und in jeder Hin-
sicht verschieden von dem Pigment Melanin 
(s Abb 30), das fur gewohnlich von spezifischen 
Organellen gebildet wird, wahrend Lipofuszin 
alle Anzeichen des metabolischen Niederganges 
einer Zelle tragt. 
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INTRODUCTION 
The hypothalamus plays a commanding role in the regulation of homeostasis. But it 
should be clearly understood that "the homeostasis which gives us our term of reference to 
"normal" function is in fact homeostasis about a developmentally changing point (Comfort, 
1968). Glees (197!) has drawn attention to the probability that the "biological clock" 
for ageing of the bodv may be located in the hypothalamus. This hypothesis has been 
more recently supported by Everitt (1972). It may thus be assumed that the life-span 
of an individual might be dependent upon the number of active hypothalamic neurones. 
There are conflicting reports on the functional activity of the hypothalamus with age. 
Whereas, Aschheim (1965) and Oilman ('968. 1971) believe that functional activity of the 
hypothalamus is increased with age, Groen (1959), considers it to be reduced. Borisov 
(1966), on the other hand, concludes that the general activity of the hypothalamus, 
especially its anterior part, is reduced, but the activity of the posterior part of the 
hypothalamus is relatively increased Information on the morphological changes in the 
senile hypothalamus is scanty (Hasan et ah 1974). It would be of particular interest to 
investigate the age-related changes in the hypothalamus utilizing the higher magnification 
of the electron microscope since the conventional light microscopy has failed to give a clear 
insight into this problem. 
Recently, the effects of dimethyl aminoethyl p-chlorophenoxy acetate (also known as 
centrophenoxine, Lucidril or Hilfergin) have been described by many workers (Nandy and 
Bourne, 1966; Meier and Glees, 1971; Hasan e? a/. 1974). Since different regions of the 
nervous system show different rate of ageing (Break, 1971; Hasan and Glees, 1972), it is 
desirable to investigate the effect of this drug on different neuron populations. 
I ' • . > 
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MATERIALS AND METHODS 
TJie present report dciiis with the investigations carried out on 10 male guinea pigs 
which were dlvidad into 3 groups as follows :--
(1) Young upio 6 months of age. 
(2) Old (3 years and above) 
"Control" group receiving physiological saline injection (i. ni.) daily for 30-56 days. 
(3) Old "treated" group receiving intramuscular injections of dimethylaminoethyl p-chloro-
phcnoxy acetate (available as -'Helfcrgin", Promonta. Hamburg) 80 mg/kg body weight 
daily for 30-56 days. 
Care was taken to keep Ihe environmenlal cojidilions conslajit for all animals. The 
treated" and "control" guinea-pigs were killed two at a time and the tissues were processed 
simultaneously. 
ELECTRON MICROSCOPY 
The animals were anaesthetized with i. p. injection of sodium pentobarbital and perfused 
through the heart with phosphate buffered paraformaldahyde/glutaraldehyde solution 
(pH 7.3) prepared as recommended by Karnovsky (1965). The brains were dissected and 
small pieces of the hypothalamus were rcnoved from the anterior hypothalamus (supraoptic 
and paraventricular regions) and immersed in phosphate buffer for 3 hr at 4°C. Following 
a brief rinse in phosphate buffer (p)^ 7.3), the post-fixation was done in 1 : 1 mixture of 
osmium tetroxide and O. 2 M buffer-saccharose for 2 hr at 4°C. Dehydration was carried 
out in graded alcohol and the tissues were eventually run through propylene oxide. The 
embedding was done in Epon 812. Ultralhin sections were cut with an LKB Ultratome and 
"on grid" staining was done with lead citrate (after Reynolds, 1963). The sections were 
examined and photographed with a Zeiss EM 9 S-2 election microscope at the Institute of 
Neuroanatomy, University of Gottingen, W.Germany. 
RESULTS 
The neurons of the anterior hypothalamus of young guinea pigs (6 months) showed 
prominent arrays of endoplasmic reticulum, well-developed Golgi apparatus and scattered 
mitochondrial profiles in the perikaryon. Although lipofuscin granules were small in size 
and number, their presence in young guinea pigs was considered noteworthy (Hasan et al. 
1974). The size and frequency of occurrnce of pigment granules increased with age (Fig. 1). 
Usually no electron-lucent areas or vacuoles were apparent In a majority of neurons the 
pigment exhibited uniform electron-density but appeared to be composed of conglomeration 
of smaller units. 
Following 30 days treatment with dimethylaminoethyl p-chlorophenoxy acelate a 
diminution of electron density was detectable (Fig. 2) No evidence of phagocytosis of the 
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Fig. 1. Electron micrograph showing electron-dense lipofuscin pigment in 5 year old 
guinea pig hypothalamic perikaryon X 35,000. 
Fig. 2. Electron micrograph of the perikaryon of anterior hypothalamic neuron of guinea 
pig following drug treatment. Note the diminution in the electron density of the 
pigment X 40,000. 
L. 
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pigment or its extrusion in the extracellular space was discernible at this stage. Late stages 
revealed, however, the removal of pigment toward the capillaries (Glees and Spoerri, 1974). 
DISCUSSION 
Ullrastnictural investigation of neurons of the anterior hypothalamus has shown beyond 
doubt the significant deposition of lipofuscin granules with advance age. The earlier 
relevant studies (Obersteiner, 1903; Buttlar-Brentano, 1954) were obviously handicapped 
by the limitation of the power of resolution of conventional light microscopes. Increasing 
accumulation of lipofuscin in the post-mitotic cells (e. g. neurons and myocardial) is the 
most consistent cytolocical chanae which has been correlated with a geing of mammals 
(Hasan and Glees, 1972; Nanda and Getty, 197?). Recent physiological studies, however, 
have clearly demonstrated progressive alteration in the activity of the hypothalamus in the 
adaptation of the organism to the environment. The importance and diversity of its 
regulatory functions and the similaritv between a number of manifestations of ageing, on 
one hand, and clinical aspects of hypothalamic disease on the other hand, have led to the 
suggestion that age chajipes in the hypothalamus influence the mechanism of functional and 
metabolic changes in ageing (Aschheim, 1965; Borisov, 1966; Oilman, 1968; Frolkis er a/., 
1972) Tt is of interest to note that Forlkis et ah (1972) have observed that the neurosecre-
tory activity in the supraoptic and paraventricular nuclei of intact rats declines with age. 
Our results support the view that the increasing accumulation of lipofuscin granules—at the 
expense of the volume otherwise normally occupied by the cell organelles—should obviously 
result in a reduction in the functional capacity of the neurons. It is well-known that the 
hypothalamic neurosecretory mechanism is of vital importance in coordinating endocrine 
glands into organism reaction under the action of stress stimuli. It is apparent that age-
changes in the hypothalamus are correlated with the phenomenon of ageing in the whole 
body. Ageing of individual hypothalamic areas occurs in different ways and at different 
rates (Hasan et al- 1974). 
The effect of dimethylaminoethyl p-cholorophenoxy acetate on the lipofuscin granules 
was discernible in the form of remarkable diminution in the electron density. The number 
of pigment granules was appreciably reduced. Unlike the effect on hippocampal neurons 
transport of altered pigment granules to the capillary lumen was not seen in the hypothala-
mus. It is likely that different mechanisms of drug-pigment interaction are operative in the 
different regions of the nervous sy.stem 
SUMMARY 
The age-''elatcd alterations in the anterior i\ypotha!amus of the guinea pig have been 
investigated electron microscopically. Accumulation of intraneuronal lipofuscion in the 
neighbourhood of nuclei has been demonstrated. Treatment with dimethyl aminoethyl 
p-chlorophenoxy acetate resulted in a remarkable diminution of the pigment granules. 
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SCANNING ELECTRON MICROSCOPY OF VENTRICULAR EPENDYMA. 
Mahdi Hasan**, A.C. Shipstcne* and V.K. Bajpai* 
**Jawaharlal Nehru Medical College, Aligarh Muslim University, Aligaih. 
*Central Drug Rcssarch Institute, Lucknow. 
Ciliated ependymal cells constitute the epithelial lining of the ventricles of the brain. 
Structural specializations are found at several points. Whether the cpendymal surface contains small 
openings has, as yet, not been clarified. Possible bulk fllow of the brain interstitial fluid into 
the cerebrospinal fluid is the focus of renewed interest. One the other hand, when labelled leucine 
is injected into the lateral ventricle, it appears rapidly in the hippocampus. 
The present study deals with the surface morphology of the epend) ma of the floor of the 
fourth, third and lateral ventricles of the rabbit brain. To our knowledge no other scanning electron 
microscopic study of the ventricular surface of the rabbit hippocampus has been reported. Pieces of 
ependyma were obtained from the ventricles of adult female rabbits, weighing 2 ± 0.5 kg, fixed in 
4% glutaraldehyde in 0.1 M cacodylate buffer. Dehyd-ation was accomplished using increasing 
strengths of alcohol and then amyl acetate. Following critical point drying the specimens were 
vacuum coated with gold in a sputtering device and examined in a Cambridge Sterecscan ISO scanning 
electron microscope. 
Three distinct patterns of cilia were observed: 1^) meshwork pattern, (2) coronal formation, 
(3) sparse cilia. Occasionally, bulbous terminal or subtcrminal enlargements of cilia were seen. The 
ventricular surface of the floor of the lateral ventricle (hippocampus) was pitted by depressed areas of 
variable diameter, giving the impression of lacunae or canahculae. Peculiar bundles of cilia exhibiting 
arched outlines were observed in the area postrema of the floor of the fourth ventricle. The scanning 
electron microscopic observation of regional structural differences in the ventricular surface supports 
the concept of regional functional specialization. The terminal and preterminal bulbous dilatations of 
cilia and their association with secretory material were suggestive of a possible secretory role of cilia. 
The experimental evidence of recent years is conclusive that CSF is not only produced by choroid 
plexuses but also by the brain. Exchange between the interstitial fluid of the brain and CSF is 
said to occur via patent extra-cellular channels. It is possible that the lacunae, observed in this study, 
play some role in the exchange of material between CSF and the interstitial fluid of the brain. 
Figures Captions 
Fig. 1 : SEMof caudal region of the rabbit hippocampus showing dense meshwork of cilia and 
pits or lacunae (arrows). Seale : 3 |a,m 
Fig. 2 : SEM of pes hippocampi exhibiting sparse cilia and furrous. One cilium shows preterminal 
dilatation (arrow). Scale : 3|jLm. 
Fig 1 
Fig. 2 
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Bilateral Jugular Vein Ligation-Induced 
Alterations in the Ventricular Ependyma: 
Scanning Electron Microscopy 
M A H D I H A S A N * , M.B., B.S. , M.S . (Hons.), Ph.D., F.I .C.S. , R . C . SRIMAL * * , M.D., 
S.C. M A I T R A t , Ph.D. 
* Brain Research Center, J.N. Medical College, Aligarh Muslim University, Aligarh, 
** Pharmacology Division, 
t Electron Microscope Division, Central Drug Research Institute, Lucknow, India. 
ABSTRACT 
The authors used the scanning electron microscope to 
study the surface ultrastructure of the' ependyma in six 
control rabbits and six rabbits subjected to bilateral 
jugular vein ligation four to five days previously. Whereas 
in the control rabbits the mean CSF pressure was 27 mm 
HjO, it rose to 71.5 mm HjO in the experimental animals. 
The ependymal lining of the fourth ventricle, third 
ventricle and the inferior horn of the lateral ventricle was 
examined. In the experimental animals, clusters of ciha 
emanating from ependyma were separated. This appeared 
secondary to ingrowth of cell processes covered with 
microvilli. Remarkable alterations were seen in the dorsal 
and infundibular regions of the third ventricle. While a 
marked reduction in ciliary density and appearance of pits 
were noticeable in the former, almost total replacement of 
globular excrescences by pleomorphic microvilli was 
noted in the infundibular region. The morphological 
alterations in the ependyma that occurred in experimental 
animals suggested a modification in its function from a 
surface capable of propelling cerebrospinal fluid by cil-
iary movement to one capable of increased 
ependymoabsorption. Increased incidence of macro-
phage-like supraependymal cells was noted in the experi-
mental rabbits. 
Key words: Jugular ligation; ventricular ependyma; 
scanning microscopy; cilia and microvilli; pits and 
macrophages. 
Reprint requests to: Prof. Mahdi Hasan, Brain 
Research Center, J.N. Medical College, Aligarh Muslim 
University, Aligarh 202001, India. 
INTRODUCTION 
The rise in cerebrospinal fluid (CSF) pressure 
following elevation of intracranial venous 
pressure is well documented and is consistent 
with the Monro-Kellie doctrine '• .^ Moreover, if 
the Queckenstedt test is performed by exerting 
pressure on the jugular veins, it normally causes 
a rise in the CSF pressure. In 1914, Dandy and 
Blackfan' postulated that hydrocephalus may 
follow occlusion of the vein of Galen. 
Subsequently, some authors •*'* supported the 
contention that elevated venous sinus pressure 
can cause ventricular dilatation, while others 
proposed that dural venous sinus hypertension 
causes cerebral edema with a normal or small 
ventricular system''-'. The rise in CSF pressure 
is seen in patients with occlusion of the dural 
venous sinuses, jugular veins, or superior vena 
cava and also in patients with congestive heart 
failure, or an arteriovenous (AV) anomaly 
involving the dural venous sinuses. Recently, 
Haar and Miller'" reported hydrocephalus 
resulting from superior vena cava thrombosis in 
an infant. In clinical reports it has been 
suggested that dural sinus hypertension caused 
hydrocephalus in four patients with AV 
malformations involving the intracranial venous 
system *•"• '^, two patients with partial 
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occlusion of sigmoid sinuses and/or jugular 
veins bilaterally ,^ and in an infant with superior 
vena cava thrombosis secondary to thymic 
hyperplasia''. In an experimental study, dural 
sinus hypertension was found to cause 
hydrocephalus in 74% of dogs with surgical 
obliteration of the jugular veins and vertebral 
venous drainage bilaterally". As far as we 
know, no scanning electron microscopic 
investigation of the surface ultrastructure of the 
ventricular ,ependyma following jugular vein 
ligation has yet been carried out. In the cases of 
experimental hydrocephalus produced by the 
intracisternal injection of silicone, where 
scanning electron microscopy has been 
utilized '", data on the alterations in the floor of 
the fourth ventricle are not available. The aim of 
the present experimental study was to fill in these 
gaps in our knowledge. We here report the 
alterations observed in the surface morphology 
of the ependyma lining the floor of the fourth 
ventricle, lateral wall and infundibular recess of 
the third ventricle and the floor of the inferior 
horn of the lateral ventricle of the rabbit 
following bilateral internal jugular vein ligation. 
MATERIAL AND METHODS 
Twelve adult male white rabbits, weighing 2.5 
± 0.5 kg were used in this study and were 
supplied from the colony of the Central Drug 
Research Institute, Lucknow, India. The 
cerebrospinal fluid pressure was recorded in the 
sodium pentobarbital (30 mg/kg body weight, 
i.v.) anesthetized animals by lumbar puncture in 
the recumbent position through a needle which 
was connected with a model 7P 23 DC Statham 
transducer * and a model 7 P1 low level DC 
Preamplifier on a Grass model 7 Polygraph **. 
Thereafter, six rabbits were made hydrocephalic 
by means of bilateral internal jugular vein 
ligation. A median incision was made in the neck 
and both internal jugular veins were exposed and 
ligated at the level of the upper border of the 
thyroid cartilage. The wound was closed in 
layers and the animals returned to their cages. 
After four to five days, the animals were again 
anesthetized, the cerebrospinal fluid pressure 
was recorded and intracardic perfusion with 
Karnovsky's'' solution was performed. The 
control series consisted of six animals that 
underwent sham operation under Nembutal® 
anesthesia. Preoperatively, the CSF pressure 
was recorded in the same manner as in the 
experimental animals. Thereafter, the internal 
jugular veins were exposed but not ligated and 
the wound was closed in layers. 
The specimens were prepared as follows: after 
sodium pentobarbital anesthesia, fixation "in 
situ" was accomplished by intracardiac 
perfusion with Karnovsky's'' solution. The 
brain was immediately removed from the skull 
and postfixed by immersion in Karnovsky's 
solution '^  for three hours. The brain was 
dissected under fixative uti l izing a 
stereomicroscope. The foUowing samples of 
ependyma were obtained from each animal: 1) 
floor of the fourth ventricle, 2) lateral wall and 
the infundibular recess of the third ventricle and 
3) floor of the inferior horn of the lateral 
ventricle. Care was exercised in obtaining 
samples from the corresponding areas of the 
control and experimental ventricular ependyma. 
After dissection the specimens were washed with 
cold 0.1 M phosphate buffer for 24 hours. 
Postfixation with 2% osmotically adjusted 
osmium tetroxide for one.to two hours and 
subsequent dehydration through serial alcohols 
and amyl acetate followed. The specimens were 
dried in a critical point dryer (Balzer, 
Switzerland) using liquid COj, mounted on 
stubs, coated with gold-palladium in a Polaron 
E-5,000 spluttering device f, and were examined 
in a Cambridge Stereoscan 180 scanning 
electron microscope t t -
RESULTS 
Two experimental animals died on the second 
postoperative day and were therefore excluded 
from this study. The experimental animals were 
lethargic; three had bulging eyes, and suffered 
from loss of balance and anorexia on the second 
day of bilateral jugular vein ligation. The mean 
CSF pressure recorded in the control animals 
* Statham Laboratories, Inc., Hato Rey, Puerto Rico 
00919. 
** G r a s s I n s t r u m e n t C o m p a n y , Q u i n c y , 
Massachusetts 02169. 
t Polaron critical point apparatus and Polaron 5,000 
Splutter coater by Polaron Equipment Ltd., 60-62 Green 
Hill Crescent, Hollywell Industrial Estate, Watford, 
Hertfordshire, England. 
t t Cambridge Instruments, Royston, Hertfordshire 
5G8 6EJ, U.K. 
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Fig. 1 . Control rabbit. SEM appearance of lateral part of Fig. 2. Experimental rabbit: SEM picture of an area 
floor of fourth ventricle. Ciliary clusters are separated by corresponding to that shown in Fig. 1. Note increased 
smaller microvilii-bearing zones (x 4,166). distance between ciliary clusters compared with Fig. 1, and 
pleomorphic microvilli (x 4,000). 
was 27 mm HjO, whereas that of the 
experimental animals was consistently higher 
(mean 71.5 mm HjO). When the brain was 
sectioned, marked dilatation of the ventricles 
was visible. 
Fourth ventricle. Control animals: the ependyma 
in the vicinity of the median sulcus and medial 
eminence exhibited dense ciliation. The cilia were 
elongated. In the lateral part of the floor, the 
ciliated cells were scattered in an apparently 
random pattern. Dense clusters of elongated cilia 
were observed (Fig. 1). Non-ciliated cells were 
interspersed among ciliated cells. They were 
studded with short microvilli. 
Experimental animals: although the surface 
morphology of the ependyma lining the median 
sulcus and medial eminence was not significantly 
altered, marked changes were apparent near the 
lateral angles of the floor. Small clusters of 
peculiarly clumped cilia were separated by larger 
areas exhibiting cylindrical, clavate or 
ciubshaped and, at places, filiform microvilli. 
Some microvilli tended to adhere to each other 
(Fig. 2). Near the inferolateral border of the 
floor, a distinct alteration in the density and 
morphology of the cilia was seen; they were 
reduced in number, appeared dishevelled, and 
occasionally had a beaded appearance. 
Prominent club-shaped microvilli occupied the 
comparatively larger non-ciliated zones. 
Occasional pits were also noticeable (Fig. 3). 
Third ventricle. Control animals: the surface of 
the third ventricle was divisible into three 
characteristic zones: dorsal, transitional and 
infundibular. In the dorsal zone the ependyma 
was densely ciliated (Fig. 4). The m^t of 
intertwining cilia concealed the cell outlines and 
microvilli were not visualized in this region. Cilia 
were present in the transition zone but they 
became progressively sparser as the infundibular 
zone was approached. The ependymal surface of 
the infundibulum was non-ciliated. The cell 
INTERNATIONAL SURGERY 65; 6.1980 
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Fig. 3. Experimental rabbit SEM picture of inferolateral Fig. 4. Control rabbit SEM picture of dorsal third ventricle, 
region of floor of fourth ventricle Note reduction in number of Note dense meshworl^ of cilia concealing cell boundaries (x 
cilia and their distorted morphology. Arrow points to an 4,333) 
irregularly beaded cilium Numerous microvilli are seen in the 
upper right zone (x 4,333). 
surfaces were covered with round excrescences 
which appeared to be budding from the surface 
of the cells and closely packed microvilli (Fig. 5). 
The surface was papillated with pleomorphic 
apical plebs of the ependymal cells that projected 
into the lumen of the recess. 
Experimental animals: marked alterations 
were detected in the ependyma lining the third 
ventricle. In the dorsal zone, the density of the 
cilia was markedly decreased. Clusters of cilia 
were separated by relatively larger areas bearing 
microvilli. Occasional pits or holes were visible 
(Fig. 6). The surface morphology of the 
infundibulum was also significantly altered. 
Round excrescences of apical blebs, which were 
numerous in the control animals, were reduced 
to two or three in a comparable field of the 
experimental animals. The ependymal surface 
was covered by a turf of microvilli exhibiting a 
variety of shapes and sizes. Although low 
microvilli predominated, at places linearly 
elongated microvilli were also seen (Fig. 7). 
Lateral Ventricle. Control animals: the floor of 
the inferior horn was covered with a dense mat 
of cilia. Occasional microvilli were also seen. 
Experimental animals: the specimen 
resembled a bowl. The most remarkable changes 
were seen in the depths of the bowl. A separation 
of cilia occurred as one progressed from the 
periphery of the bowl to the center. In addition, 
new cells resembling macrophages became 
apparent in the ciliated zone of the floor of the 
inferior horn (Fig. 8). Well-defined stout 
pseudopodia were the distinguishing feature of 
the macrophages. Although the characteristic 
vacuoles were not seen, there was evidence of 
some internal organization: 
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Fig. 5. Control rabbit: SEM picture of infundibular region. 
Note absence of cilia. Numerous globular protrusions of 
varying size can be seen. Microvilli are interspersed (x 4,333). 
Fig. 6. Experimental rabbit: SEM picture of dorsal third 
ventricle. Note paucity of cilia in comparison with Fig. 4. 
Arrow points to a pit with well-defined margins (x 4,333). 
DISCUSSION 
The results obtained confirm the usefulness of 
internal jugular vein ligation as a method for 
producing experimental hydrocephalus. This 
experimental procedure caused a progressive 
disorder that could be clinically documented and 
experimentally verified. Despite the fact that so 
far only one other investigator '•* has employed 
scanning electron microscopy in the regional 
evaluation of alterations in the ventricular 
ependyma in silicone-induced hydrocephalus, it 
is clear that this tecnique is an effective way to 
reveal relatively large areas of ventricular 
surface at the ultrastructural level. These data 
must be interpreted cautiously, however, because 
of the vagaries of preparative techniques. Within 
this context, it is also evident that preparations 
utilizing critical point drying yield the most 
consistent and accurate ultrastructural detail '*. 
A number of studies have confirmed that there 
are significant regional variations not only in the 
ependymal lining '''• '^, but also in the 
subependymal adjacent elements '* and in 
supraependymal structures ^°' '*. From the 
anatomical point of view, the ependyma forms a 
distinct border between the cerebrospinal fluid 
and the surrounding nervous tissue and, 
physiologically, there are a few indications that 
some elements of the ependyma may have 
secretory, resorptive, transport and sensory 
functions '''• '*• ^^  The morphology of the 
ependyma of the adult rabbit has been defined 
by several investigators ^^ ' '•*. The SEM has 
demonstrated that each of the regions 
investigated possessed a characteristic picture 
with respect to the population and distribution of 
cilia and microvilli. In the third ventricle, three 
regions were clearly distinguishable; these 
findings are in agreement with previous reports 
by other authors '*• ". Similarly, the floor of the 
inferior horn of the lateral ventricle presented a 
characteristic distribution of cilia and microvilli. 
In the experimental animals, the ependyma over 
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Fig 7 Experimental rabbit SEM picture pf infundibular Fig 8 Experimental rabbit SEM picture of floor of inferior 
region Compared to Fig 5 globular protrusions have been horn of lateral ventricle A supraependymal cell exhibits 
replaced by pleomorphic microvilli Arrows point to two pseudopodia (arrow) Internal organization of its membrane 
rounded excrescences (x 4,333) can be seen (x 5 666) 
the median part of the floor of the fourth 
ventricle was unchanged, but near the lateral 
angles the clusters of cilia became more 
separated from one another and, as a result, the 
density of cilia decreased. Areas covered with 
microvilli appeared between clusters of cilia. 
Near the inferolateral border of the fourth 
ventricle, sparse cilia had a peculiarly curled and 
distorted appearance. Numerous microvilli were 
seen around the emerging filaments of cilia. Here 
also, the decrease in ciliary density corresponded 
with an increase in microvilli. Again, in the 
dorsal part of the third ventricle the reduction in 
the number of cilia corresponded to the 
profusion of microvilli. Another striking feature 
of this zone was the presence of a number of pits 
or holes. With the SEM alone, it is not possible 
to establish whether or not they represented 
areas of disruption of ependyma due to the rise 
in CSF pressure or a dilatation of intercellular 
canaliculi" for the bulk flow of CSF to the 
INTERNATIONAL SURGERY 65 6 1980 
interstitial spaces. A parallel TEM study of the 
regions exhibiting pits or holes is needed to reach 
a definite conclusion. It is interesting that the 
almost total replacement of rounded convex 
profiles/excrescences of the infundibulum by a 
profusion of microvilli in the experimental 
animals conforms to the general pattern of 
alterations in the other regions. The presence of 
microvilli on an epithelial surface connotes a 
high degreee of resorptive and/or secretory 
activity ^'*. Thus, the ependyma may also be 
viewed as an organ system which regulates the 
fluid transport between the ventricular cavity 
and the adjacent subependymal structures. It has 
been postulated that increased transependymal 
transfer of fluid plays an important 
compensatory role in hydrocephalus '^"^ *. An 
increased permeability of the ventricular lining to 
vital dye has been noted in the hydrocephalic 
dog ^', while TEM studies have demonstrated an 
increase in the extracellular space of 
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periventricular white matter, suggesting 10. 
increased transventricular fluid trans-
port^'' *^' ' ' . The presence of microvilli at | | 
the cell surface suggests transport of fluid across 
cell membranes, while the increase in surface 
area of the hydrocephalic ventricle, ac-
complished by adding surface units rich in 
microvilli, would provide a mechanism for 
increased transependymal fluid transport. 
The appearance of cellular elements, 
presumably macrophages, was another 
important finding in the present study. Similar 
supraependymal cells have been characterized as 
phagocytes by several investigators "*' ^^' '^. 
Recently, De Feo et al. " have also reported the 
appearance of macrophages in the reactive 
scarring of the fourth ventricular floor in cases of 
kaolin-induced hydrocephalus. 
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Surface fine structure of the ependynial lining of the rat fourth 
ventricle '^ 
•s 
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^ Abstract. The floor of the rat brain fourth ventricle has been divided into five zones to 
n study the surface ultrastructure of the ependymal cells. Regional variations in the form of 
Ij dense ciliation, sparse ciliation, central tufts of cilia, solitary ciha, pores, clavate and filiform 
microvilli have been observed. 
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Introduction 
The ependyma constitutes the epithelial hning of 
various ventricles of the brain. Morphologically, it 
exhibits species variations and regional differences 
{BruniQi al., 1972; WeindlandJoynt, 1972; Leonhardt 
and Lindemann, 1973; Scott et al., 1973]. Several 
studies on the lateral ventricle [Chamberlain, 1974; 
Peters, 1974] and the third ventricle [Bruni&t al., 1972; 
Brawer et al., 1974; Mestres, 1976; Mestres and 
Breipohl, 1976; Walshti&X., 1978] described the struc-
ture of the ventricular ependyma of the rat brain. To 
date, details of the surface ultra-architecture of the 
ependymal lining of the fourth ventricle of the rat brain, 
as seen with the scanning electron microscope, have not 
been reported. The main aim of the present investiga-
tion was to provide information concerning the surface 
fine structure of the ependyma of the rat brain. 
Material and methods 
2 male and 2 female adult albino rats (body weight 
200 ±20 g) obtained from the animal house of the 
Central Drug Research Institute, Lucknow (U.P., 
India) were anaesthetized with sodium pentobarbital 
(30 mg/kg body weight), injected intraperitoneally and 
perfused through the heart with glutaraldehyde/para-
formaldehyde fixative [Karnovsky, 1965] buffered to 
pH 7.3 with 0.1 M phosphate buffer. The brain was 
quickly dissected out from the cranium, taking care to 
avoid trauma. The fourth ventricle was exposed and left 
undisturbed at 4°C in the same fixative for 3 h. Subse-
quent washing was done with phosphate buffer. The 
specimen was thereafter osmicated en bloc and dehy-
drated through increasing strengths of ethanol and amyl 
acetate. This was followed by critical point-drying in 
Balzer's Union critical-point drier. Specimens were 
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mounted on aluminium stubs and coated with goldpal-
ladium, thickness approximately 150-200 A, in vac-
uum in a sputter coating device (Polaron E-5000). The 
fourth ventricular floor was examined in a Cambridge 
stereoscan 180 scanning electron microscope at a tilt of 
45 ° and at 20 kV accelerating potential. Images were 
recorded photographically on 125 ASA panchromatic 
ORWO roll films. 
Results 
No ultra-architectural sex differences in 
the floor of the fourth ventricle were noted. 
Scanning electron microscopy (SEM) 
revealed that the fourth ventricle of the rat 
was rhomboidal and divisible into symmetri-
cal halves by a median sulcus which was 
relatively deeper in its caudal than in its cra-
nial part. Each half of the ventricular floor 
exhibited five zones separated from each 
other by prominent grooves (fig.l). These 
zones were arbitrarily numbered as zones 
1-5 and described in detail as follows. 
Zone 1 occupied the inferior region of 
the floor of the fourth ventricle. It was trian-
gular in shape and had a caudally facing 
base. This zone consisted of (i) a sparsely 
ciliated medial part and (ii) a profusely cili-
ated lateral part (fig. 2). The ependymal 
cells of the sparsely ciliated part exhibited 
about 3-4 centrally projecting ciUa (fig. 3) 
and had many microvilli on their apical sur-
face. The cells covering the profusely cili-
ated part were covered by a dense mat of 
long cilia (fig. 4). Not infrequently, some 
cilia showed pre-terminal knob-like swel-
lings. 
Zone 2, situated superolateral to zone 1, 
was also triangular in shape. Its tapering 
apex reached about the middle of the 
median sulcus, while the broad base of this 
zone pointed outward and caudally. The 
Fig. 1. Scanning electron micrograph of the floor of 
the fourth ventricle in the rat. Five distinct zones num-
bered 1-5 on one side of the median sulcus (arrow) are 
seen. X36. 
ependymal cells located in this zone often 
had irregular polygonal outlines. They bore 
relatively few cilia, but had a number of mi-
crovilH (fig. 5) on their ventricular surface. 
At places the intercellular margin between 
adjacent ependymal cells was broadened to 
form pit-like holes of variable size and 
shape. 
Zone 3 had almost a uniform width 
throughout its length and was located 
superolateral to the apex of zone 2. Some 
ependymal cells over the rostral end of this 
zone depicted a limited number of microvilli 
on their apical surface. The major popula-
^ t j 
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gi*^*w4*' Fig. 2. Transition between the 
sparsely ciliated medial part and the 
profusely ciliated lateral part of zone 
1 A dense mat of long cilia covers 
the ventricular surface of ependymal 
cells in the lateral part. X 1,800. 
Fig. 3. Ependymal cells located in 
the sparsely ciliated part of zone 1 
bear numerous microvilli and few 
cilia on their ventricular surface. 
X 6,000. 
tion of ependymal cells was covered by a 
dense mat of long cilia (fig. 6) similar to that 
observed in the lateral part of zone 1. The 
density of ciliation consistently decreased 
towards the caudal side of the zone. At 
places, the ependymal cells were relatively 
devoid of cilia. Near the extreme caudal 
part, the epenymal cells exhibited numerous 
microvilli. A single cilium over the apical 
surface (fig. 7) of the ependymal cells was 
noted. 
Zone 4 was triangular in shape but, un-
like zones 1 and 2, its base was directed cra-
nially and the apex insinuated between zone 
5 laterally and zone 3 medially. A central 
tuft of few long cilia (fig. 8) over the apices 
of the ependymal cells was a noticeable fea-
ture of the ependymal lining of this zone. 
!"t' 
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Fig. 4. The ventricular surface of 
cells in the ependyma covering the 
profusely ciliated part of zone 1 
depicts a dense mat of many long 
cilia Pre-termmal bulbous enlarge-
ments (arrow) m some cilia are 
noticeable x 18,000 
Fig. 5. Ependymal cells located in 
a part of zone 2 exhibit polygonal 
shape Pit-like holes (arrow) are 
seen in the ependymal lining 
X 5,000. 
Microvilli also arose from the ependymal 
surface in varying number and shapes, some 
clavate and others filiform. 
Zone 5 was the largest of all the zones. It 
had an oval shape and was located at the 
lateral side of the rostral half of the ven-
tricular floor. Ependymal cells overlying this 
zone had few microvilli and a central tuft of 
ciha on their apical surface (fig. 9). 
Discussion 
An analysis of the surface morphology of 
the ependyma lining the floor of the fourth 
ventricle of the rat brain, divided arbitrarily 
into five zones for descriptive purpose, has 
been presented in this report. Earlier, Kiss 
and Mitro [1978], in their light and trans-
mission electron microscopic (TEM) study 
202 Singh/Hasan/Bajpai/Maitra 
Fig. 6. Ependymal cells at the 
rostral end of zone 3 show a dense 
mat of long ciha. X 5,000. 
Fig. 7. Near the extreme caudal 
part of zone 3, the ependymal cells 
bear numerous microvilli and few 
cilia. A single cilium over the apical 
surface of some ependymal cells is 
noticeable. X 5,000. 
of the fourth ventricle of the rat brain, have 
arbitrarily divided it into five regions cut in 
the frontal plane, rostrocaudally denoted as 
A, B, C, D and E area. Obviously, for our 
SEM study, this scheme will not be of much 
use for the purpose of comparison. It is 
interesting to note that, although the 
authors have briefly mentioned the regional 
differences in the density of cilia, the Hmita-
tions of light and TEM techniques did not 
allow them to clearly specify these differ-
ences. Only once in their TEM study. Kiss 
and Mitro [1978] stated that on the surfaces 
of the ependymal cells there were large 
numbers of microvilli, cilia and cell protru-
sions. Little information on the regional var-
iations in the density of cilia, and microvilli, 
in the floor of the fourth ventricle of the rat 
1 r' r'j 
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Fig. 8. Apices ot the ependymal 
ce]]s in zone 4, showing a central tutt 
of a few long cilia and a varying 
number of microvilli, some clavate 
and others filiform. X 5,000. 
Fig. 9. Ependymal cells overlying 
zone 5 exhibit only tew microvilli 
and a central tuft of cilia on their api-
cal surface. X 13,000. 
brain is available. To our knowledge, the 
present investigation is the first detailed 
study of the surface morphology of the floor 
of the fourth ventricle of the rat brain. Zone 
1, in the present study, was sparsely ciliated 
towards the median sulcus but profusely cili-
ated in its lateral part. A remarkable feature 
of zone 2 was the presence of pit-like 
depressions or holes in the ependymal lin-
ing. This zone exhibited few cilia and a large 
number of microvilli. Recent considerations 
have led to renewed interest in the possibil-
ity of a bulk flow of the brain interstitial 
fluid into the cerebrospinal fluid [Cserr, 
1974]. If bulk flow from brain to ventricle 
does exist it is likely that this would require 
pores in the ependyma. Hasan et al. [1978] 
have recently described such pores in the 
^, 
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ventricular surface of the rabbit hippocam-
pus. The functional significance of pores 
observed in zone 2 can be interpreted in a 
similar manner. The microvilli, however, are 
likely to play a role in the reabsorption of 
the cerebrospinal fluid. On the other hand, 
dense mat of long cilia and microvilli was 
apparent in zone 3. Interestingly, zones 4 
and 5 both exhibited central tuft of a few 
long ciha, but clavate or filiform microvilli m 
zone 4 and sparse microvilli in zone 5. 
Ependymal surfaces, possessing cells having 
both cilia and microvilli, carry out an active 
secretory function [Dohrmann, 1970]. On 
the other hand, Martin and Spicer [1973] 
attributed an absorptive role to areas of 
ependyma displaying only microvilli on 
them. The functional significance of the reg-
ional differences in surface structure has 
been discussed by Kozlowskiei al. [1973] m 
relation to cerebrospinal fluid movement, 
ependymoabsorption and ependymosecre-
tion. 
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Abstract. The ependymal structure of the fourth ventricle floor of adult rhesus monkeys 
was investigated using both scanning and transmission electron microscopy. Each half of the 
floor exhibited dense ciliation which decreased towards the median sulcus. The area post-
rema and the facial colliculus lacked cilia and were covered with non-ciliated ependymal 
cells. Along the entire length of the median sulcus supraependymal globular protrusions 
were seen. Over the rostral and middle thirds of the sulcus these protrusions exhibited 
interwoven ridges. At the former situation they were closely approximated but at the latter 
they were on the surface of non-ciliated nodules which were lying amongst sparsely ciliated 
cells. In the caudal third these protrusions presented smoother surfaces without any struc-
tural details over them. Transmission electron microscopy through the upper two thirds of 
the median sulcus revealed these surface protrusions to be non-ciliated cells having long and 
profuse network of interwoven microvilli over their luminal surface. These cell bodies 
exhibited well-defined supranuclear Golgi complexes, vesiculated rough and smooth sur-
faced endoplasmic reticulum, free ribosomes and polyribosomes, few electron dense gran-
ules, network of microtubules and light and dense multivesiculated bodies. These features 
suggested a secrftory and/or absorptive role, rather than autophagy to these surface 
specialization. 
Introduction been reported during the past decade: for 
example in the cat [WeindlandJoynt, 1972; 
A number of scanning electron micro- Leslie and Gwyn, 1977; Leslie et al., 1978], 
scopic (SEM) studies on the ependymal the rabbit [Weindl and Joynt, 1972; 
architecture of the fourth ventricle and/or Leonhardt and Lindemann, 1973; Lin-
the area postrema in various mammals have demann and Leonhardt, 1973; Leonhardtei 
LoJ 
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al., 1975], the mouse [Yamadori and 
Yagihashi, 1975; Yamadori, 1977], the 
albino rat [Dempsey, 1973; Stumpf and Bar-
bero, 1978; Singh et al, 1980] and the 
human being [Scott et al, 1973]. These 
studies indicated that the ependyma does 
not show morphological homogeneity due to 
the structural specializations that are found 
throughout the cerebral ventricular system. 
To date, no SEM report on the ependymal 
architecture of the fourth ventricle in the 
rhesus monkey is available [Mitchell 1980J. 
The present study was, therefore, underta-
ken to elucidate the ultrastructural details of 
the ependyma lining the floor of the fourth 
ventricle in the monkey brain by using both 
SEM and transmission electron microscopes 
(TEM). The aim was to note any possible 
region-specific morphological features in 
the ependymal lining. 
Material and Methods 
Adult male and female rhesus monkeys, weighing 
between 4 and 6 kg, were obtained from the Central 
Drug Research Institute, Lucknow, India. They were 
anaesthetized with intraperitoneal sodium pentobarbi-
tal and were perfused intracardially with Karnovsky's 
(1965] fixative. The fourth ventricle of the brain was 
exposed and its floor quickly immersed in 4% glutaral-
dehyde in 0.1 M phosphate buffer (pH 7.3) for 3 h. For 
SEM study, the specimens were subsequently washed 
overnight in 0.1 M phosphate buffer. They were then 
osmicated en bloc, and dried by the critical-point 
method. Blocks were mounted on aluminium stubs and 
coated with gold/palladium (60:40) in vacuo in a Poia-
ron E-S,OOU sputter coaler. Specimens were examined 
in • Cambridge Stereoscan 180 SEM at a tilt of 45" and 
•t 20 kV accelerating potential. 
For TEM study, pieces of brain were cut from the 
niddle region of the fourth ventricular floor. These 
were immersed in Karnovsky's fixative (or 3 h, washed 
10 pbuspbale buffer (pH 7.3) for 24 h and ponutucd in 
Cuulfield'M (19S7] 1% osmium telroxkk solution for 
2 h at 4''C. Following dehydration through increasing 
strengths of ethanol, the pieces were enibe^ed in a 
mixture of araldite and cpon \Motlenhauver, 1964J 
Glass knives were used for cutting sections with LKB 
ultratome III. l-|im thin sections, stained with \% 
toluidine blue, were examined with an optical micro-
scope. Thereafter, ultrathin sections were cut and 
picked up on uncoated copper grids. Following double 
staining with uranyl acetate [Walson, 19S8| and lead 
citrate [Reynolds, 1963) the sections were examined in 
a Hitachi HU-1 IE TEM. 
Results 
SEM revealed that the fourth ventricle of 
the monkey was rhomboidal and divisible 
into symmetrical halves by a median sulcus 
extending between the rostral and caudal 
angles of the floor. Just ventromedial to the 
gracile tubercles, the most lateral area of the 
caudal part of the ventricular floor, exhib-
ited a spindle-shaped area postrema on 
either sides (fig. 1). An elongated swelling 
termed the facial colliculus was observed on 
either side in the rostral half of the ventricu-
lar floor. The remaining floor showed dif-
fuse surface elevations and depressions. 
The ependymal cells in each half of the 
ventricular floor exhibited a dense mat of 
long cilia, which covered the major part of 
the ependymal surface (fig. 2). The ciliation 
gradually decreased towards the median sul-
cus. Occasionally, cilia were interlocked in a 
meshwork towards the lateral areas of the 
floor and in most cases concealed the epen-
dymal cell outlines. 
Whereas the major part of the ventricular 
floor exhibited profuse ciliation, the epen-
dymal cells of the area postrema and the 
facial colliculus were devoid of cilia almost 
completely. The cells in these regions often 
had irregular polygonal outlines (fig. 3) 
'J -
Epcndyma of Monkev Fourth Ventricle W 
•ngr 
';• 
fig.!. Scanning ekctrnn micro-
graph of the caudal end of the fourth 
ventricle floor in the monkey. Note 
the spindle-shaped area postrema 
(AP) on either side, x 36. 
•J ai!^^'? fig. 2. A dense mat of long cilia (C) covering the major part of the ventricular floor, x 7,000. 
Fig. 3. A portion of the area port* 
rema showing microvilli on the epen-
dymal surface of non-dliated ceDi 
exhibiting polygonal outlines. Note 
pit-Kke holes (arrow) in the ependy-
mal lining, x 3,S00. The inset shows 
another intercellular pit with weB-
defined margin*. X 6,000. 
r 
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Fig. 4. Numerous closely approx-
imated globular surface projections 
m the rostral third of the median sul-
cus Note distinct interwoven ridges 
on the apical surface of these projei 
tions. X 6,600 
Fig. 5. Similar globular surface 
projections scattered sparsely 
amongst ciliary tufts (C) in the mid-
dle third of the ventricular floor 
X3,100 
•r*"* 0»- ^^ V 
Fig.6. The globular surface pro-
jections in the epcndyma covering 
the c&udal third of the floor These 
have smooth surfaces but show het-
rogeneity in their shape and sue 
X 1,600 
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Fig. 7. A transmission electron micrograph of the surface of a ciliated ependymal cell. Note the charac-
ependyma from the middle third of the ventricular teristic 9+2 configuration of microtubules in the cross-
floor. Several long cilia (C) project from the luminal sections of cilia. X 18,500. 
which were sometimes demarcated by mi-
crovilli. Microvilli arose from the surface of 
the ependymal cells in varying numbers and 
shapes. At places, irregularly arranged 'pits' 
of variable diameter giving the idea of pores 
or lacunae were also discernible. 
Along the entire length of the median 
sulcus, on its either side, globular supra-
ependymal surface projecttions were ob-
served in the ventricular lumen of a female 
monkey. They varied in size and number. In 
the rostral third of the floor such globular 
projections were closely approximated and 
concealed the ependymal surface. The sur-
'face of these projections depicted a network 
of interwoven slender processes (fig. 4). 
Similar surface projections were also found 
in the middle third of the ventricular floor. 
But in this location they were relatively 
separated from each other (fig. 5). Occa-
sionally, conglomerates of 5-10 globular 
projections were observed. The ependymal 
surface between these projections showed 
ciliated cells. A network of interwoven pro-
cesses was visible distinctly over each of 
these globular masses. In the caudal third 
the surface projections were relatively 
smooth exhibiting little structural details 
over them. However, they exhibited 
heterogeneity of shape and size (fig. 6). 
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Fl|.8. The apical portions of the non-ciliated epen- projecting into the lumen of the ventricle, x 11,000 
dymal cells showing profuse and long microvilli (Mv) (For area inside rectangle see fig. 10.) 
TEM of the ependyma revealed the pres-
ence of both the ciliated (fig. 7) and non-
ciliated cells (fig. 8). The former cells pos-
sessed cilia which protruded from the apical 
surface into the ventricular lumen and 
showed typical 9 + 2 configuration of micro-
tubules. In the non-ciliated celts, well-
defined Golgi complexes at the supranuclear 
position (fig. 9), few mitochondrial profiles, 
vesiculated rough and smooth surfaced 
endoplasmic reticulum, ribosomes, electron 
dense granules, light and dark multivesicu-
lated bodies, lysosomes, and a few micro-
tubules were discernible (fig. 10). The mul-
tivesicuiated bodies revealed numerous oval 
and/or circular single membrane bound ves-
icles of uniform size. 
Discussion 
The surface morphology of the ependy-
mal lining of the fourth ventricle floor in the 
monkey brain has been described in the pre-
sent report as seen with SEM and TEM. The 
structural differences in the ventricular sur-
face support the concept of regional-func-
tional specialisation [Weindl and Joynt, 
1972). Although the walls of the third ven-
tricle of the monkey, as seen with SEM, 
:^ -J 'i 
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Fig. 9. A portion of another non-
ciiiated ependymal cell. Note lu-
pranuclear Oolgi complexes (G), 
numerous dense bodies (Db) and 
vacuoles (V). x 15,100. 
were studied by earlier workers [Coates, 
1972, 1973a, b, c, 1975, 1978; Scott et al., 
1977], no information on the surface mor-
phology of the floor of the fourth ventricle 
was available. The present report presents 
first evidence of morphological variation in 
the fourth ventricle of the monkey. 
Certain discrete areas in the walls of the 
ventricles of the brain are stained selects ely 
following intravenous injection of vital dyes 
[Davson, 1970]. Such areas are termed dr-
cumventricular organs and they are consid-
ered to be situated outside the blood-brain 
barrier. The areas so identified include the 
subfornical organ, the supraoptic crest and 
the area postrema [Leslie et al., 1978]. The 
present study revealed microvilli scattered 
over the ependymal surface of the area post-
dt iu 
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fig, 10. Higher magnification of the area inside ous membrane-bound vesicles of uniform size inside 
rectangle in figure 8 Note the presence of microt|iJS)uies them, x 31,000 
(arrow) and multivesicuiated bodies (mvb) with numer-
rema in varying numbers but cilia were 
entirely lacking. In this area, pore-like pits 
are also seen. Andres [1965] observed 
minute ependymal canaiiculi in the subfor-
nical organ suggesting that these were sites 
of reabsorption of cerebrospinal fluid 
(CSF). It is likely that the pores seen in the 
area postrema play some role in the 
exchange between the interstitial fluids of 
the brain, and CSF is said to occur via 
extracellular channels [Brighiman and 
Reese, 1969] and seems probable even for 
molecules as large as insulin [Levin el al., 
1970| If the area postrema, or some part of 
it, possesses a secretory function. «s pro-
posed by Wislocki and Putnam [1920), the 
the presence of microvilli in the area post-
rema would have obvious functional advan-
tages. Borison [1974] proposed the lateral 
region of the area postrema as a 
chemoreceptor-trigger zone for vomiting. 
But in the present investigation, the lateral 
region of the area postrema did not reveal 
any apprecia(>le difference in the surface 
architecture when compared with the sur-
face of the rest of the area. 
Ciliated epithelial surfaces have been 
assoiiated with the movement of matter 
Ihioiigh the lumen of hollow organs [Scoutx 
ttf, (V73|. Ciii» oto&etved in abundance over 
:. o 
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the epcndynial lining of the floor of the 
fourth ventricle in rhesus monkey, probably 
participate to influence the kinetics of local 
CSF movement and flow. Earlier inves-
tigators [Weindl and Joynt, \972\Scott^X 
al., 1973] have also attributed a similar role 
to cilia in other mammalian species. 
Although the extent to which ependymal 
cilia contribute to the circulation is known, it 
has been shown that they move the CSF by 
their coordinated beating [ Worthington and 
Cathcart, 1963; Cathcart and Worthington, 
1964}. TEM study of the ependymal cells in 
the monkey showing characteristic 9 + 2 
configuration of microtubules in cross-sec-
tions of cilia lends further suf^ort of their 
kinetic role. 
Certain zones in the ependyma depict 
cells possessing both cilia and underlying 
microvilli. Page (1975J reported such cells 
on the surface of tela choroidea. These cells 
have been assigned an active secretory func-
tion [Maxwell and Pease, 1956; Wislocki 
and Ladman, 1958; Dohrmann, 1970]. The 
ventricular ependyma has also been viewed 
by Fawcett [1965] as an organ system the 
function.of which is to assist the CSF circula-
tion. He further reported that the presence 
of microvilli on an epithelial surface denoted 
a high degree of resorptive and/or secretory 
activity. Areas where cilia are completely 
absent and only a number of microvilli are 
seen, have been reported to perform an 
absorptive role by Martin and Spicer] 1973]. 
Supraependymal cells have been 
reported to be both secretory [Coates, 
1973c] and phagocytic [Bleier, 1975; 
Mestres and Breipohl, 1976} in nature. 
Because of the existing controversy regard-
ing the nature of supraependymal speciali-
zations, SEM studies on the fourth ventricle 
of the monkey were supplimented with 
TEM observations. Sections through the 
spheriodal projections revealed profuse afid 
long microvilli on the luminal surface <A 
non-ciliated cells. The presence of^upra-
nudearGolgi complexesTmicrotubules, few 
electron dense granules, light and dense 
multivesicular bodies filled with numerous 
uniform-sized single membrane-bound vesi-
cles suggest the possible secretory nature of 
these cells. The multivesicular bodies con-
taining internal vesicles of uniform size and 
appearance have been described earlier by 
Martin and Spicer {1973} who assigned them 
some specialized role in cell metabolism 
other than autophagy. Further information 
regarding the nature of the supraependymal 
surface specializations is likely to be 
revealed by the use of cytochemical methods 
to determine the genesis of the secretory 
granules. 
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